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- SEPTEMBER 1960 JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY XLI 
HoNouRS AWARDED TO MEMBERS LecTURE THEATRE OPENING CEREMONY 
Sqn. Ldr. W. R. GELLATLY (Associate Fellow) has been The Lecture Theatre will be formally opened by Lord 
awarded the de Havilland Trophy by the Royal Aero Brabazon of Tara, P.C., G.B.E., M.C., Hon.F.R.AeS., 
Club, not the Derry and Richards Medal as stated in Past President of the Society, on Friday 28th October at 
the July JOURNAL. 7 p.m. There will be a short address by the President, 
A. W. BEDFORD (Associate) has been awarded the Dr. E. S. Moult, C.B.E., B.Sc., F.R.Ae.S., M.I.Mech.E. 
Derry and Richards Memorial Medal by the Guild of Air Accommodation in the lecture theatre is limited and seats 
Pilots and Air Navigators. cannot be guaranteed, but closed circuit television will 
be in operation throughout the Society’s rooms. 
RoyaL SOCIETY—TERCENTENARY CELEBRATIONS An application form for tickets for members and their 
The President, Dr. E. S. Moult and the Secretary ladies—25s. each, including buffet—is enclosed with this 
represented the Society at the Tercentenary Celebrations JOURNAL. Tickets will be allocated in order of application. 
of the Royal Society. An Illuminated Address was pre- 
sented to the Royal Society on behalf of Members of The ACKNOWLEDGMENT 
Royal Aeronautical Society. The Council wishes to thank Mr. Brian Walters for the 
following Lufthansa additions to the Society’s collection 
ELECTRONICS LECTURES Pee? of air mail covers:— Boeing 707 Ist flight New York- 
A lecture on “ The Evolution of Instrumentation ” by Frankfurt-Hamburg, 17th March 1960; Boeing 707 Ist 
Professor Arthur Porter, M.Sc., Ph.D., Dean of Engineer- flights daily non-stop New York-Frankfurt and Frankfurt- 
on of New York, Ist April 1960; and a commemorative cover of 
ollege) will be given on eptember in the Recita . 4 
of the Royal Festival Hall at 6.30 p.m. 
This is the first of a series of lectures on Electronics DIARY 
sponsored by Ultra Electric (Holdings) Ltd. as part of 21st September 
their 25th Anniversary year programme. Coventry—Relationship Between Theory and Practice in 
Members wishing to attend Professor Porter’s lecture Aircraft Structural Problems. A. J. Troughton. The 
may obtain tickets from the Secretary of the Society. Herbert Art Gallery, Coventry. 7.30 p.m. 
29th September 
“ DRAGONFLY ” TIE Isle of Wight—Anti-Gravity and Flying Saucers. L Cramp. 
A tie has been suggested for those who were members Saunders-Roe Clubhouse. 6 p.m. 
of the Helicopter Association before it merged with the 11th October 
Royal Aeronautical Society. The tie would be of dark Luton—Film Evening. Napier Senior Staff Canteen, 
maroon terylene, embroidered with the Dragonfly emblem Luton Airport. 6 p.m. 
of the Association, and wouid cost £1 including postage. 12th October 
Remittance should be sent with order, addressed to London Airport—The VC-10. Hugh Hemsley. Introduction 
Mr. Norman Hill, c/o Miss Rigby, Royal Aeronautical by Sir George Edwards. Senior Mess, B.O.A.C.H.Q., 
Society, 4 Hamilton Place, London W.1. London Airport. 6 p.m. 
LECTURE THEATRE APPEAL 
The following lists show further donations received up to the time of going to press. The following have also subscribed 
but do not wish the amounts of their 
Donations 7-Year Covenants contributions to be published :— 
Previous total (after minor Previous total (after minor Aviation and General Insurance 
adjustments) £15328 17 7 adjustments) £5431 18 4 Co. Ltd. 
Anonymous 5 0 0 V. A. M. Hunt, Esq. 110 0 R. S. Noronha, Esq. 
Capt. E. C. Beard (additional) 5 0 0 M. Saxon Snell, Esq. 10 0 M. A. Wallis, Esq. 
Corpn. (2nd Annual 2 0 0 
Instalment) 5210 0 £5433 18 4 The follow! ‘b h 
A. M. B. Brush, Esq. 5 5 0 = _ The fo owing contri uted to t ¢ total 
R. M. Clarkson, Esq. 5 0 0 *With Income Tax at the present stan- listed in the main list of donations :— 
W. C. Clothier, Esq. > 0 © dard rate of 7s. 9d. in the £ this figure H. Allen, Esq. R. Maskell, Esq. 
B. Cornthwaite, Esq. 7 2 9 should produce £62103 (approx.) over R. Brown, Esq. F. McKenna, Esq. 
N. Elliott, Esq. i414 6 the 7-year period. B. Botting, Esq. J. Mann, Esq. 
G. W. Futcher, Esq. 10 6 B. Boney, Esq. B. Martin, Esq. 
A. T. Hills, Esa. 100 10-Year Covenants A. Birch, Esq. Capt. M. O’Donovan 
D. H. Jagger. Esq, 215 6 Previous total £1612 10 0 J. Cocking, Esq. Capt. R. Orbell 
Dr. G. V. Lachmann 5 60 06 With Income Tax at the present stan- A. Coe, Esq. H. Piggott, Esq. 
J. Lederer, Esq. (U.S. $15) Ss. 5 2 dard rate of 7s. 9d. in the £ this figure Capt. P. Davies P. Pennant-Rae, Esq. 
G. M. Lilley, Esq. 3 3 0 should produce £26325 (approx.) over A. T. Ede, Esq. P. Palmer, Esq. 
Manchester Branch 50 0 0 the 10-year period. E, Freeman, Esq. 
Sqn. Ldr. R. A. Prew it 0 ified period K. Greager, Esq. . Rivett, Esq. 
Southern Africa Division B. Glenistor, Esq. H. Radnitz, Esq. 
(Salisbury Branch) adjustments) £87 10 0 D. Hatchett, Esq. J. Reeve, Esq. 
(see separate list) 47 0 0 3 : I. Hepburn, Esq. J. C. Reynolds, Esq. 
Samuel Fox & Co. Ltd. 100 0 O Further promises amounting to £611 R. Hall, Esq. R. Springall, Esq. 
% &. Thomas Esq. >0 0 (approx.) have been received and dona- E. Hoole, Esq. L. Townend, Esq. 
r oe tions in kind promised by firms are J. Hood, Esa. R. Thompson- 
299 14 2 valued at £3500 (approx.). F. Kingsland, Esq. Holland, Esq. 
—_—___———- GRAND TOTAL £108,255 Mrs. M. Kingsland M. Van Olst, Esq. 
£15628 11 9 (approximately) S. Kempson, Esq. J. Waddelow, Esq. 
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NEWS OF MEMBERS 

A. AKERS (Associate Fellow) formerly Head of the 
Aeroelasticity and New Projects Aerodynamic Design 
Group, Bristol Aircraft Ltd., is now Senior Lecturer in 
Aeronautical Engineering, Bristol College of Science and 
Technology. 

A. T. Atkins (Graduate) formerly with Trans- 
Australia Airlines is now with Swissair. 

Group Capt. A. D. BALMAIN (Associate Fellow) 
formerly at R.A.F. Central Servicing Development Estab- 
lishment is now A.D.R.A.F./B.2, Ministry of Aviation. 

Cdr. E. H. BANFIELD (Associate Fellow) formerly 
Senior Officer, Home Air Command, Lee-on-Solent, is now 
with Director General—Ships, Marine Engineering Div. 

Fit. Lieut. J. BEATTIE (Associate) formerly Technical 
Officer, R.A.F. Technical Training School, Halton, is now 
Electrical and Instrumental Sections, R.A.F. Bruggen, 
Germany. 

Sqn. Ldr. E. Biotr (Associate Fellow) formerly with 
R.A.F. Germany, 2nd T.A.F. has been appointed to T.T. 
Eng. Branch, Air Ministry. 

Davip R. BLUNDELL (Associate Fellow) formerly 
Assistant Chief Aerodynamicist (Comets), de Havilland 
Aircraft Co., is now Manager, Performance and Prelimin- 
ary Design, American Airlines Inc., New York. 

A. Q. CHaAPLEO (Student) formerly an Engineer in the 
Aerostructures Section, English Electric Aviation Ltd., is 
now a Research Assistant, Southampton University. 

Sqn. Ldr. K. B. Crossy (Associate) formerly at R.A.F. 
Bentley Priory, is now at R.A.F. Changi, Singapore. 

A. Evans (Associate Fellow) formerly a Senior Design 
Engineer, Lockheed Aircraft Corp., Georgia, is now with 
the Vertol Division of Boeing Airplane Co., Morton. 

Sqn. Ldr. D. M. Ferrier (Fellow) has now retired 
from the Royal Canadian Air Force. 

I. V. FRANKLIN (Associate Fellow) formerly Assistant 
Chief Stressman, British Messier Ltd., is now Head of the 
Airframe Technical Group, English Electric Aviation Ltd., 
Guided Weapons Division. 

Maurice M. Gates (Associate Fellow) formerly Senior 
Designer Draughtsman, D. Napier & Son Ltd., is now 
Designer with The Rheostatic Co. Ltd. 

Wing Cdr. D. H. Gispsons (Associate Fellow) 
formerly at the R.A.F. Technical College, Henlow, is now 
O.C, Technical Wing, R.A.F. Changi, Singapore. 

E. T. Harris (Graduate) formerly with de Havilland 
Aircraft Ltd., is now an Engineer (Aerodynamics Dept.), 
English Electric Company. 

Sqn. Ldr. W. HEATON (Associate Fellow) formerly with 
the Directorate of R.A.F. Aircraft, Research and Develop- 
ment (A), Ministry of Aviation, is now at H.Q., No. 12 
Horsham St. Faith Group, as Group Engineer Officer. 

Sqn. Ldr. BARKAT HusalIn (Associate Fellow) formerly 
Maintenance Technical Engineer, P.A.F. Air H.Q., 
Karachi, is now Chief Instructor, School of Aeronautics, 
P.A.F. Korawgi Creek. 

Dr. S. P. Hutton (Associate Fellow) formerly Deputy 
Director, National Engineering Laboratory, has been 
appointed to the new Chair of Mechanical Engineering 
at the University College of South Wales and Monmouth- 
shire, Cardiff. 

Group Capt. J. E. INNes-Crump (Associate Fellow) 
formerly at Defford and Pershore, has been appointed 
Director of Air Staff Briefing, Air Ministry, with the 
acting rank of Air Commodore. 

G. IRELAND (Associate Fellow) formerly with the 
Gloster Aircraft Company, is now a Senior Engineer 
(Aero), Canadair Ltd., Montreal. 

G. L. Munro (Associate Fellow) formerly a Senior 
Stress Engineer, Dowty-Rotol, is now teaching at the 
R.A.F. Technical College, Henlow. 

P. Ovapias (Associate Fellow) formerly with the 
ICAO Technical Assistant Mission in Tel-Aviv, Israel has 
been transferred to Addis Ababa, Ethiopia. 

CoLIN PIMLEY (Associate) formerly a Stress Analyst, 


Hamilton Standard, Connecticut, U.S.A., is now a Stres 
Engineer, English Electric Aviation Ltd., Warton. 

G. E. D._ Prosser (Graduate) formerly with \, 
de Havilland Engine Co. has been appointed Lecturer jy 
Mechanical Engineering, Enfield Technical College. 

Wing Cdr. H. R. REES (Associate Fellow) former 
Engineering Plans 1, Air Ministry, has been posted \) 
R.A.F. Flying College, Manby as Senior Technical Office, 

Air Vice-Marshal T. U. C. SHIRLEY (Fellow) former 
Senior Technical Officer Fighter Command, is now Depy, 
Controller of Electronics, Ministry of Aviation. ‘ 

F. R. Smita (Associate Fellow) formerly Installatioy 
Engineer, Normalair Ltd., Yeovil, is now with Advaneg 
Projects Group Hawker Siddeley Aviation Ltd. 

J. V. Stansury (Associate Fellow) formerly Chie 
Designer, Motor Car Division, Rolls-Royce Ltd., is now, 
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MICHAEL P. SUTTON (Associate) formerly a Test Pil, 
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Design Office, Hatfield. 
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B. T. TuRNER (Associate Fellow) formerly Proje 
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S. A. Urry (Associate Fellow) formerly Lecturer jj 
Mechanical Engineering, Kumasi College of Technology, 
Ghana, is now Senior Lecturer in Mechanical Engineering 
Brunel College of Technology, Acton. 
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_NUMBER _597 


Engines for Supersonic Air Liners 


by 
R. R. JAMISON", B.Sc., Ph.D., F.R.Ae.S., A.R.I.C., and 


R, J. LANEt, Diploma of Graduate Studies (Birmingham), G.I.Mech.E. 
(‘Assistant Chief Engineer, Head of Ram-jet Department, and tProject Study Engineer, Bristol Siddeley Engines Ltd.) 


The 1,158th lecture to be given before the Society, “Engines for Supersonic Air Liners” by 

r. R. R. Jamison, B.Sc., F.R.Ae.S., A.R.LC. and Mr. R. J. Lane, Diploma of Graduate Studies 
«i tee Aa G.I.Mech.E., of Bristol Siddeley Engines Ltd., was given on 24th March 1960, 
at the Institution of Mechanical Engineers, 1 Birdcage Walk, London, S.W.1. The Chair was 
taken by Air Commodore F. R. Banks, C.B., O.B.E., C.G.1.A., F.R.Ae.S., Hon.F.1.A.S., 
M.1.Mech.E., M.Inst.Pet., Vice-President of the Society. 

Introducing the lecturers, Air Commodore Banks said that after receiving his education 
at the South African College and the University of Cape Town, Dr. Jamison joined 
Rolls-Royce in 1937 and had remained with that Company until 1950, when he joined Bristol 
Aero-Engines Ltd.—now Bristol Siddeley Engines Ltd. He was Assistant Chief Engineer and 
Head of the Ram-jet Department and since 1950 had been working on ram-jet development. 
He and his team were regarded as the specialists in this country—and probably in Europe— 
on controllable ram-jets. Mr. Lane, joint author with Dr. Jamison of the lecture, had gradua- 
ted from the University of Birmingham and had served his apprenticeship at the Royal 


Ordnance Factory before joining Bristols. 


He was now working on ram-jet dynamics and 


gas-dynamics of ram-jets with Bristol Siddeley Engines Ltd. 


1. Introduction 

It has become more and more clear in recent times 
that, to those outside the aeronautical industry, the ways 
by which it functions and the conditions needed for its 
healthy life and evolution are most imperfectly under- 
stood. The advanced technologies and the meticulous 
safety standards typical of this industry have generated 
ways of thinking and organisation which do not have 
their complete counterparts elsewhere and these factors 
may account for a certain lack of sympathy which is 
evident from time to time among the general public. 
In particular there has been an impatience with the idea 
of projecting supersonic transports at a time when the 
new long range subsonic jet transports were only just 
embarking on their first trans-Atlantic proving flights. 

What has happened has been simply that, with each 
major technical advance, the growth cycle of a new 
transport aircraft has increased in length until it has 
become comparable with the commercial life of the 
preceding one and it is indeed timely to start now the 
technical design of the new generation. In a project of 
this nature the power plant is a major component to whose 
behaviour the airframe is especially sensitive, so it is 
important to provide the aircraft designer with a clear 
picture of the kind of power units he may expect to be 
able to use in this new context. 

This paper presents a survey of some of the results of 
studies which have been made into the power plant 
requirements for long range, high speed transport air- 
craft. This whole subject is made most complex by the 
interplay of many technical, economic and operational 
factors and to sharpen the focus of such an enquiry it 
pays to concentrate on a specific objective. This 
objective has been taken to be a commercial transport 
aircraft suitable for the Atlantic stage. 


NOTATION 
C,C’ constants to reconcile units 

range equation 

db. 


sq. cm.) 


E weight of power plants including intakes, 


engines, ducts and propelling nozzles 


F weight of total fuel carried for the mission, 


including all reserves 
fuel calorific value 

kt. abbreviation for knots 
aircraft lift-drag ratio 
Mach number 
Q total weight 


and refrigeration) =Q,+Qc+Qs 
the basic structure weight 


tion and refrigeration 
the aircraft systems and controls weight 
R_ range, as used in Breguet range equation 
specific fuel consumption 
sea level static 


turbine entry temperature 

take-off 

V flight velocity 

all-up weight at take-off 

weight of aircraft at the start of cruise 


range R 
overall thermal efficiency 
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in Breguet 


abbreviation of decibels (ref. 0-0002 dynes/ 


of the aircraft structure, 
controls and systems (including insulation 


the cooling system weight, including insula- 


engine thrust to aircraft take-off weight ratio 


weight of aircraft at the end of cruise to 
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2. General Aircraft Characteristics 

When the route and therefore, the range, of a trans- 
port aircraft has been chosen the most important variable 
to the customer is the speed. Having decided where he 
wants to go he is next interested in how long the journey 
will take, because in general the airline passenger is 
buying time and wishes to travel as fast as he can afford. 
So, in his eyes, there is a close connection between speed 
and economics; it appears later, from a study of the 
aircraft technical features, that there is also a strong 
engineering connection between these factors. From the 
operator’s point of view the most important commercial 
properties of his aircraft are the payload, range and speed 
and these are brought together with the basic engineering 
characteristics in the Breguet range equation: 


SFC’  w, 

If the thermal efficiency and the fuel calorific value are 
introduced the equation becomes: 


L W 
R=C’H.n, D log. Ww, 


R=C 


This well known equation provides a good starting 
point for an investigation of this kind owing to the neat 
way in which the interaction of the fundamental 
properties of the aircraft are displayed, for the range is 
seen to be a function of the engine efficiency »,, the 
aircraft aerodynamic efficiency L/D and the structural 
efficiency W,/W,. A good deal more is required of a 
commercial aircraft than economic operation during the 
cruise phase, however, and in any serious analysis of 
power plant applications full account must be taken of the 
needs of the “‘off-design’’ phases of scheduled missions 
such as take-off, climb, acceleration, let down, stand-off 
and emergency diversion. The airframe itself is also 
responsive to the effects of these conditions so the 
matching of a selection of engines and airframe designs 
to secure the best results must be a comprehensive and 
methodical procedure which becomes quite detailed in its 
application. However, before this stage is reached it is 
most important to conduct an overall technical recon- 
naissance to uncover the regions into which these 
detailed studies should be concentrated. 

In this paper the results of such a reconnaissance 
have been presented. The overall method adopted has 
been to look first at the basic thermodynamic and aero- 
dynamic requirements, then to choose a variety of air- 
breathing engines which meet these needs and to select 
from these for further evaluation representative examples 
which give adequate cover for the investigation. To 
match this spectrum of engines a corresponding variation 
of airframe properties has been developed to suit the 
required mission over a range of values, primarily, of 
cruise speed and wing loading. These engine and air- 
frame properties are hypothetical values based on the 
anticipated state of the art in the timescale of the 
project, calculated to cover a wide band of the funda- 
mental variables. The relative merits of different engine 
installations are finally assessed as the payload for the 
specified mission, assuming a constant all-up weight for 
the aircraft. Each airframe-engine configuration has 


also to satisfy certain operational criteria such x 
take-off distance and approach speed on landing ayy 
finally, “nuisance factors” such as engine jet noise apg 
sonic boom have to be assessed and allowed for. 


3. Fundamental Factors 

In the present generation, long range jet transpor 
are operating at speeds of cruise which give Mag) 
numbers of M=0-8 to 0-9 representing the highey 
speeds in subsonic flight which can be used withoy 
incurring severe drag penalties. It is clear, therefor 
that a new transport project, to show an appreciable 
gain in speed, must be supersonic and this defines for the 
present purpose the field of survey: from M=}.) 
upwards. An upper limit may be set from the engineering 
aspect to take account of kinetic heating and its effey 
on the aircraft structure and its occupants. This limi 
has been taken for the present survey at M=4-5, whe 
the air stagnation temperature would be about 800°C 
while the likely equilibrium skin temperature at cruig 
height would be of the order of 300°C. This is a 
arbitrary limit chosen as representing a_ sufficiently 
difficult engineering structure problem to bracket the 
present exercise. 

A plot of the values of L/D which may be expected in 
operation is given in Fig. 1. Such a curve has no absolute 
validity but it is considered to be typical of the present 
state of the art in this context and shows a large drop of 
L/D in the supersonic region, to about 45 per cent of the 
subsonic value. This by itself would have a most adverse 
effect on the range of a supersonic transport. An 
impression of the propulsion picture is given in Fig. 2 in 
which the overall thermal efficiency of a selection of 
engines has been plotted against Mach number. (Realistic 
intake efficiencies have been assumed at all speeds) 
From this it can be seen that there is a notable increase in 
the peak values of overall thermal efficiency, »,, with 
rising speed, an effect which is compensating for the fall 
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Ficure 1. Typical aircraft lift/drag ratios. 
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Mach number (air-breathing engines). 


in L/D, as can be seen in Fig. 3, a plot of the cruise range 
which, for a given cruise fuel weight percentage, is a 
measure of the range capability of the aircraft during 
cruise at maximum lift-drag ratio. The weight remaining 
at the end of cruise must be shared by payload, fuel 
reserves, structure and engines. This shows that the 
range capability of an aircraft takes a steep plunge 
transonically to a value at M=1-5 of 70 per cent of the 
peak subsonic figure and then climbs up again to 90 per 
cent at M=3-0 and 95 per cent at M=4-5. This is a 
broad comparison which ignores the effect of speed on 
engine weight and aircraft structure weight, but it does 
demonstrate one powerful influence which is operating, 
namely that the rising engine efficiency is repaying the 
relative increase in drag at the higher speeds. The 
diagram is, therefore, useful in providing a background 
for the selection of speeds for the more detailed studies 
of the aircraft propulsion performance considered here- 
after. Three supersonic speeds have been chosen for 
comparison against the M=0-8 subsonic long range jet 
transports which are representative of present practice. 


1. M=2-0 This is a substantial step forward in speed 
which avoids the trough of the range factor 
curve. At the same time it also represents 
something near the upper limit of speed 
permissible for an aluminium alloy structure. 


2. M=3-0 At this speed a great deal of the range deficit 
has been restored and commercially, the 
higher speed would be attractive. But, a pre- 
dominantly steel structure would be needed 
and might be heavier and more expensive. 


3. M=4-5 The subsonic range factor is virtually 


The purpose of extending the survey over this range 
of speeds is to gain a good generalised perspective view of 
the important factors affecting high speed transport 
aircraft and their engines to assist in the selection of 
power plants for specific projects. 


4. Engine-Airframe Matching 

An operational aeroplane has to perform adequately 
over the full range of flight conditions implicit in its 
specified mission, from take-off through climb, acceler- 
ation, cruise, let down and landing, with due allowance 
for stand-off and diversion and, to ensure the maximum 
payload, it is essential that the engines and airframe are 
closely matched to give the best efficiency during the 
cruise phase, with adequate performance for the terminal 
and stand-off conditions. This process involves finding 
the best compromise between such factors as airframe 
weight, L/D, cruise altitude, engine size and weight and 
overall thermal efficiency. 


4.1. AIRFRAME 
Now this study is aimed at comparing the relative 
merits of engines but, in view of their sensitivity to the 
characteristics of the associated airframe, these character- 
istics must be introduced into the analysis. The following 
broad assumptions have been made on the aircraft 
specification aimed at a trans-Atlantic application: 
Stage length 3,100 nautical miles including an allow- 
ance for head winds. 
Take-off balanced field length 7,000 ft. 
Fuel reserves, from C. A. R. Hibbard and Bailey’: 
(a) 300 nautical miles diversion, M=0-9, 36,000 ft. 
(b) Stand-off for 30 mins., M=0-4 at 5,000 ft. 
(c) Taxying and unusable fuel. 
All-up-weight at take-off 300,000 Ib. 
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Ficure 4, Lift/drag ratios for optimum aspect ratio (2:0) at a 
cruise Mach number of 2:0. 


Fixed fuselage of size suitable for 120 passengers. 
Delta wing configuration with aspect ratio adjusted 
to suit cruise Mach number. 


Using this basic aircraft, for each chosen Mach 
number, the lift-drag ratio has been calculated as a 
function of altitude and wing loading as shown in Figs. 
4-6. Working from basic data by Sebold™, correspond- 
ing figures for the weight of the basic aircraft structure, 
plus systems and controls but excluding power plants 
and cooling system, are given in Fig. 7. Also working 
from Sebold, weights of the cooling system as a 
function of Mach number and height are on Fig. 8. 
From these plots, for any chosen Mach number, altitude 
and wing loading the aircraft lift-drag ratio and structure 
weight, less power plants, may be obtained. If, then, 
for a given mission the weights of the power plants and 
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Ficure 5. Lift/drag ratios for optimum aspect ratio (1°5) at a 
cruise Mach number of 3-0. 
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Ficure 6. Lift/drag ratios for optimum aspect ratio (1-0) at; 
cruise Mach number of 4°5. 


the fuel consumed are added, the difference from th 
all-up weight yields the payload. 
Using symbols, if: 
E weight of power plants including intakes, engines, 
ducts and propelling nozzles 
F_ weight of total fuel carried for the mission 
Q totalweight of the aircraft structure, controls and 
systems (including insulation and refrigeration) 
W all-up weight at take-off 


Then 100 ( = = percentage payload. 


Before this relation can be obtained (E+ F)/W mus 
be evaluated. That is, the ratio of the weight of th 
power plant plus the fuel carried for the required mission, 
to the all-up weight at take-off. 


4.2. POWER PLANTS 

The link required to connect the behaviour of the 
airframe in flight with that of the fully installed power 
plant is obtained in the following way. 

Firstly, a range of flight altitudes is chosen and also: 
range of appropriate aircraft lift-drag ratios. Now fo 
each lift-drag ratio the engine thrust required may & 
calculated (knowing the aircraft weight) and from 
engine performance curves, such as Figs. 9 to 16, the 
amount of engine needed to give this thrust at each 
altitude is derived. Power plant weights come from plots 
such as Figs. 21 and 22, with due allowance for ducts and 
propelling nozzles. Similarly the fuel consumption is 
estimated and the characteristics of the power plant maj 
then be displayed as in Fig. 23 as a carpet of values 0! 
(E+ F)/W plotted against altitude and lift-drag ratio for 
the chosen Mach number and mission. The weight o! 
fuel represented by F is the total fuel plus reserves. 
These reserves are calculated for the appropriate power 
plant and aircraft configuration in each case. 


4.3. MATCHING 
Now as, during cruise, for a given wing loading and 
Mach number the lift drag ratio of the airframe 1s 4 
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Figure 7. Basic structure and systems weight as a percentage 
of all-up weight. 


function only of the altitude, the airframe performance 
curves (as shown in Figs. 4, 5 and 6) may be transferred 
to the engine (E+-F)/W plot (Fig. 23) which in this way 
expresses the combined behaviour of the engine-airframe 
combination at one speed. Then, with due allowance 
for the airframe weight, a carpet of (E+F+Q)/W asa 
function of cruise altitude and wing loading is derived 
(Fig. 24). The percentage payload is then evaluated as: 


100 (1- 


and the best payload is obtained at the lowest value of 
(E+F+Q)/W. However, for the aircraft configuration 
to be acceptable it must satisfy the specified criteria of 
take-off performance and landing speed. These have 
been taken as 7,000 ft. balanced field length for take-off 
and 140 kt. approach landing speed. To meet the first 
there is an implied relation of installed engine thrust and 
wing loading which can be plotted as a limit line on the 
(E+F+Q)/W carpet. The second may be shown as a 
line of constant wing loading. Then, subject to these 
limits, the best payload for the kind of engine under 
examination is obtained, together with the corresponding 
wing loading and cruise altitude. The complete aircraft 
and engine dimensions can then be estimated for the 
optimum condition. 


5. Engine Types 


The foregoing procedure has shown how, for a chosen 
cruise speed, a given type of engine is matched to an 
airframe configuration to produce a combination which 
has the optimum performance for the trans-Atlantic 
mission and yet conforms to the necessary standards of 
take-off and landing performance and fuel reserves. 
As will be seen later under ‘Performance Results,” 
comparisons have been made of the performance, at each 
of the chosen Mach numbers (2-0, 3-0 and 4-5) of a 
range of engine types considered likely to have application 
iN a supersonic transport role. A wide range of oper- 
ational conditions is imposed on the engines in such air- 
craft from take-off, through subsonic flight in the climb 
and during stand-off, transonic acceleration to super- 
sonic climb and cruise at high Mach numbers and great 


8 
a 
45 
| 


¢ 
= 
« ° 

16 
4 
2 

« 40 
7 
MACH 
g A 
¥ 
x 
N 
ge 
/ 
9, 
P00, 
109 30 
S05 
4 
20,05 
8 20 
| 
° 


Ficure 8. Cooling system weight as a percentage of 
all-up weight. 


altitudes. This wide operational spectrum implies that 
any choice of engine must represent a compromise 
between conflicting needs and so the selection of the best 
type must be a complicated process in which many 
performance and engineering aspects have to be assessed. 

There are two notable differences in the supersonic 
operation of air-breathing engines in comparison with 
the subsonic case. 

1. At high Mach numbers a dominant proportion of 
the cycle pressure ratio is generated in the engine 
intake. 

2. The high ram temperatures reduce the cycle tem- 
perature ratio (which has an important effect on 
performance) and also lead to engineering problems 
in temperature sensitive components. 

Typical ram temperatures in the stratosphere against 

Mach number are given in Table I. 

The effect of operating over this range of flight speeds 
on the general performance of a family of typical high 
efficiency jet engines may be seen in Figs. 17, 18, 19 and 20, 
which show the specific net thrusts and specific net 
fuel consumptions as a function of flight Mach number 
and sea level static compression ratio. The engines with 
a static compression ratio of 1-0 are, of course, ram-jets 
which at the higher Mach numbers with their high thrust 
performance, low weight and specific consumption, are 
an obvious choice for continuous cruise operation. 
However, in the present study it is assumed that an 
aircraft is required which is capable of operating with 
full civil safety standards from normal airfields. This 
means that if ram-jets are used they must be applied in 
combination with enough turbo-jets to satisfy these 
standards. Such an arrangement is really a form of by- 
pass engine. Jet noise, especially during take-off and 
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Ficure 21. Un-reheated turbo-jets. Engine specific weight at 


sea level static condition. 


climb away, is’a serious problem in jet transport aircraft. 
Ducted fans give considerable relief from this nuisance, 
so this kind of engine, which uses a different form of 
by-pass flow, has also been included in the survey. More 
detailed information on the engine types studied follows. 


5.1. UNREHEATED TURBO-JETS 

Two main types were compared, with 5: 1 and 10: 1 
sea level static compression ratio. With these two basic 
types two maximum turbine inlet temperatures of 
1200°K and 1400°K have been used, representing 
respectively current and advanced turbine blade speci- 
fications when considering continuous cruise operation. 
The engines are assumed to have advanced techniques 
of blade design to give high component efficiencies and 
high air mass flows per unit frontal area. Low specific 
weight, resulting from both good aerodynamic perform- 
ance and high quality structural design has also been 
assumed. In supersonic cruise flight, high turbine entry 
temperatures are needed to give good performance and 
accordingly, the engines must be operated continuously 
at full r.p.m. and turbine entry temperature. 


5.2. REHEATED TURBO-JETS 

Reheat has been investigated for the two basic types 
of turbo-jet i.e. the 5:1 and 10:1 compression ratio 
engines. A range of reheat temperatures from 1,200°K to 
1,800°K was taken. For the purposes of this study it was 
assumed that reheat would not be used for take-off 
because of the excessive noise. A reheat combustion 
efficiency of 95 per cent was taken throughout. 

All the assumptions for the turbo-jets were the saine 
as in the unreheated case, except that the maximum 
turbine entry temperature was kept to 1,200°K only as it 
was found that the return in performance gain from a 
1,400°K turbine entry temperature was insufficient to 
justify the increase in engineering difficulty. 


5.3. COMBINATION OF TURBO-JETS AND RAM-JETS 
Two main families of combination engines have been 
studied: 
(a) With turbo-jets of 5: 1 compression ratio, 1,200°K 
turbine entry temperature. 
Ram-jets with 1,200°K cruise tailpipe temperature. 
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FIGURE 22. Un-reheated turbo-jets and ram-jet. Engine speci. 
fic weight at 36,000 ft. Turbine entry temperature 1,200°k 


(6) Turbo-jets of 5:1 compression ratio, 1,400° 
turbine entry temperature. 
Ram-jets with 1,400°K cruise tailpipe temperature. 
The ram-jets were assumed to have a combustion 
efficiency of 95 per cent during cruise. 

In the combination engine the thrust for take-off and 
subsonic flight is provided by the turbo-jets alone, while 
in the transonic and supersonic phases the duty is shared 
with the ram-jets. (For cruise at M=4-5 the turbo-jels 
would be shut down.) For this reason a different 
procedure is used for selecting the installed thrus 
capacity of the engines of each type in the performance 
investigations. The procedure for the combination 
engine is to select enough turbo-jet power to give three 
values of take-off thrust weight ratio of 0-3, 0-4 and0:5 
Then the area of ram-jet duct is varied to match the 
cruise thrust demand over the selected field of altitude 
and lift-drag ratio. The take-off performance then 
becomes a function of the derived wing loading and ha 
to be referred to the required standard. The ram-jei 
and turbo-jet components of the combination would bt 
installed in a common duct sharing the same supersonit 
variable intake, but with separately controlled conver- 
gent-divergent exhaust propelling nozzles. The air flow 
requirements of the two types of engines are largely 
complementary so that the intake of a combination 
engine poses a simpler problem in matching than in the 
pure turbo-jet case. 


5.4. DUCTED FANS 


Ducted fans appear as if they might be attractive for | 


supersonic transports for two reasons. 

(a) The low jet velocity at take-off would greatly ease 
the jet noise problem. 

(b) Reheat in the by-pass flow might be expected to 
give good thrust performance in the transonic 
phase and good cycle efficiency in supersonic 
cruise. 

However, these engines are relatively large ané 
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complicated compared with turbo-jets or the turbo-jet 
ram-jet combination, they would need large variable 
intakes to match the high air flow and, with reheat, 
tend to be heavy. In addition, when used ii a supersonic 
aircraft the extra expansion ratio available, in com- 
bination with the extra degrees of freedom in the engine 
cycle, greatly widens the field to be explored. The fan 
turbine temperature drop, the fan temperature rise and 
the by-pass ratio may all be varied, while reheat may be 


applied to the streams separately or they may be mixed 


and reheated together. 

There is not yet a great deal of experience in this field 
so for the present exercise the study of the ducted fan has 
been confined to the basic type now under consideration 
for subsonic jet aircraft propulsion, using by-pass ratios 
of 1:0 to 2-0, fan temperature rise about 60° to 100°C, 
and turbine entry temperature between 1,200°K and 
1,300°K. Take-off without reheat has been assumed in all 
cases while, during cruise, the fan engines were con- 
sidered both in unreheated form and with varying reheat 
temperatures up to 2,000°K for M=2-0 and 3-0. Ducted 
fans were not examined for M=4-5. 


5.5. GENERAL COMMENTS ON ENGINES 

The study is concerned with engines installed in a 
fully integrated manner in such a way that no drag 
penalty is incurred. It follows that the thrust and 
specific fuel consumption are based on net values. Two- 
dimensional fully variable intakes and exit nozzles have 
been used. The same basic assumptions have been made 
to compare each type of engine on a fair basis with 
allowances for variation in duct pressures, and the effect 
of flight speed on intake and exit nozzle size. 


5.6. COLLECTED ENGINE DATA 
For convenience the principal data of all the engine 
types are collected in Tables II and III. 


Turbo-Ram-jet 
M=2-0 and M=3-0 Cruise 
Two main types were compared :— 


(1) maximum cruise cycle temperature of 1,200°K. 
(2) maximum cruise cycle temperature of 1,400°K. 


TABLE II 
TURBO-JETS 
Compression Ratio Turbine Entry 
S.L.S. Temp. °K 
5:1 1,200 
1,400 
10: 1 1,200 
1,400 
TABLE Ill 
REHEATED TURBO-JETS 
Compression | Turbine Entry | Reheat Temp. | Reheat Temp. 
_ Ratio S.L.S. Temp. °K M=2-0 | °K. M=3-0_ 
$31 1,200 1,200 — 
1,400 1,400 
1,600 1,600 
1,800 
10:1 1,200 1,200 — 
1,400 1,400 
1,600 1,600 
— 1,800 


Maximum cycle temperature means a turbine entry 
temperature in the case of the turbo-jet component and 
cruise ram-jet tailpipe temperature in the case of the 
ram-jet component. All the turbo-jets considered had 
sea level static compression ratios of 5: 1. (Table IV.) 


M=4:-5 Cruise 

Turbo-jet as for M=3-0 with T.E.T. of 1,200°K but 
shut down for cruise. 

Ram-jets used for acceleration and cruise. Tailpipe 
temperatures at cruise varied from 1,700-2,200°K .(TableV.) 


Ducted Fan 
M=2:-0 and M=3-0 Cruise 

The engine is a modification of a typical subsonic 
cruise type of ducted fan. (Table VI.) 

It has been assumed for this whole exercise that the 
size of the engines may be varied to suit the thrust 
requirement in any installation with a suitable and 
convenient number of power units (rubberised engines). 


6. Performance Results 

The objective of this present exercise is to compare 
the merits of a range of engine types when applied to a 
supersonic transport airframe specified to carry about 
100 passengers on the trans-Atlantic stage. A fixed all-up 
weight of 300,000 Ib. has been taken so that the figure of 
merit at any chosen speed will be the payload. This pay- 
load figure is the most important in assessing the 
economic value of an aeroplane but the full answer 
requires additional consideration to be given to the 


TABLE IV 
Turbo-jet Ram-Jet 
| M=2-0| M=3-0 
Compression TEez. °K | Tailpipe | version | version 
Ratio Sea 


Temp. °K | Tailpipe | Tailpipe 
Level Static | M=2:0 M-=3-0 | Transonic | Temp. | Temp. 


| version | version | K | °K 
at cruise at cruise 
5:1 | 1,200 | 1,200 | 1,900 | 1,200 | 1,200 
5:1 Sim 1,400 | 1,900 | — | 1,400 
TABLE V 
Turbo-Jet Ram-Jet 
Compression | T.E.T. for | Max. tailpipe) Cruise at M=4-5 
Ratio take-off and | Temp. 
Sea Level Static, initial Transonic | Tailpipe Temp. 
| acceleration | 
5:1 | 1,200°K | 1,900 1,700 | 1,900 | 2,200 
TABLE VI Pin 
7 Reheat Tailpipe 
Main Stream | By-Pass | Temperature 
"Nominal | | 
Compression) By-pass | Take-off | Cruise | Cruise 
Ratio Sea T.E.T. | Massflow, ‘°K M=2:-0| M=3-0 
Level Static | | Ratio | = 
10:1. | 1,300 | 1:65 |noreheat|noreheat| 750 
” | ” | ” | 400 600 1,000 
500 =1,000 1,200 


” | ” ” 


| 
ture, 
tion 
and 
hile 
ired 
jets 
rent 
rust 
nee 
ion | 
Tee 
+5, 
the | 
de 
en 
jet 
. 
lic 
W 
ly 
le 
) 


— 
516 VOL. 64 JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY SEPTEMBER kere 
“996 
0-95 
4 
wi % rc} 
se So 
S 0684 
= 
070 40 f 
060 = 3 
2s ied =: = als 0-76 
o}4 Zig oes 
2 \ ENGINE NWN oF clo 
0-30 Z| 0-80 
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(Turbine entry temperature 1,400°K. Sea level static compres- (Turbine entry temperature 1,400°K. Sea level static compre. 
sion ratio 10:1.) (E+F)/W plotted against altitude and L/D sion ratio 10:1.) (E+F+Q)/W plotted against altitude an 06 
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UNREHEATED TURBO-JETS os 
“ny COMPRESSOR TEMPERATURE RISE 316°C 
¢ T 30,000 FT. DENOTES TRANSONIC ACCELERATION ALTITUDE 
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Take 
1:30 - 1:20 
120 4, | 90,000) 9 | 
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Ficure 25. Optimum reheated turbo-jet. Cruise Mach num- FicurE 26. Optimum reheated turbo-jet. Cruise Mach 
ber=3-0. (Turbine entry temperature 1,200°K. Tailpipe number=3:0. (Turbine entry temperature 1,200°K. Tailpipe ‘ 
temperature 1,600°K. Sea level static compression ratio 5:1.) temperature 1,600°K,. Sea level static compression ratio 5:1) 
(E+ F)/W plotted against altitude and L/D ratio. (E+F+Q)/W plotted against altitude and wing loading with 
T/W contours. 
REHEATED TURBO-JETS 
way COMPRESSOR TEMPERATURE RISE 198°C Fic 
‘ ber 
THRUST ¢ T 
TAKE-OFF (yz) RATIO X 25,000 FT. DENOTES TRANSONIC ACCELERATION ALTITUDE off 
—..—..— WING LOADING, LB./SQ. FT. @ 30,000 FT. Ral 
— — — — TAKE-OFF LIMIT © 36,000 FT. 
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ber=3°0. Turbo-jet turbine entry temperature 1,400°K. number=3:0. Turbo-jet turbine entry temperature 1,400°K. 

Take-off T7/W ratio 0°40. Sea level static compression ratio Take-off T/W ratio 0-40. Sea level static compression ratio 

5:1. Ram-jet cruise tailpipe temperature 1,400°K. (E+ F)/W pies Ram-jet cruise tailpipe temperature 1,400°K. 
plotted against altitude and L/D ratio. (E+F+Q)/W plotted against altitude and wing loading. 
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FicurE 30. Optimum combination engine. Cruise Mach num- 
ber=4:5. Turbo-jet turbine entry temperature 1,200°K. 
Take-off T/W ratio 0:4. Sea level static compression ratio 5:1. 
Ram-jet cruise tailpipe temperature 2,200°K. (E+ F)/W plotted Ram-jet cruise tailpipe temperature 2,200°K. (E+F+Q)/W 
against altitude and L/D ratio. plotted against altitude and wing loading. 
COMBINATION ENGINES CRUISE MACH No. 45 
RAM-JET ONLY AT CRUISE 


KEY: TAKE-OFF LIMIT 
——..—..———SW WING _ LOADING, LB./SQ. FT. 


Ficure 29. Optimum combination engine. Cruise Mach num- 
ber=4:5. Turbo-jet turbine entry temperature 1,200°K. Take- 
off T/W ratio 0-4. Sea level static compression ratio 5:1. 
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operating speed, costs of the aircraft and its development, 
time of introduction to service, utilisation pattern and 
similar factors. However, from the purely revenue 
aspect a good figure of merit would be the product 
“Payload x Mean Block Speed.” 

In previous sections descriptions have been given of 
the airframe and its mission, the types of engines under 
scrutiny at a range of cruise Mach numbers and the 
analytical method of matching engines, airframe and 
mission. This produced for each speed and engine type 
a plot of the ratio, the weights of (engines-+-total fuel+ 
total structure of airframe) to the all-up weight at take- 
off, (E+ F+@Q)/W and, by difference, the percentage 
payload was derived. 

A large number of cases was examined so it is not 
practicable to reproduce all the results here; Figs. 
23-30, however, show the performance curves plotted for 
a good representative engine in each group. In most 
cases the best usable payload is limited by the require- 
ments of take-off, landing speed or transonic acceleration 


height. These curves are of value not only as the sour 
of an optimum answer in each case, but because 
display the interaction of many factors affecting , 
airframe-engine optimisation procedure for the specifi 
generalised aircraft type and mission. It should }, 
remembered that both the airframe wing loading and th, 
installed engine capacity are variables in these per. 
formance carpets, so that the relative proportions o 
structure, engines, fuel and payload are all varying. 
Although all the performance curves for the inyej. 
gation are not reproduced, a general picture of the regu 
obtained can be seen in Figs. 31-34 which show blog, 
diagrams of the percentage payloads obtained for the 
range of cruise speeds and engine types described jn 
Section 5 and listed in Tables II to VI. The diagrams 
also give details of the principal engine-operating 
variables (such as turbine entry temperature, noming| 
static compression ratio, and so on) and also indicate the 
effect of limiting factors such as take-off performance 
transonic acceleration height on the usable payload. 


TURBOJETS COMBINATION DUCTED FANS 
ENGINE | 
31,000 | 
15-0 
8 * 
32500] 
36.560 | 29,000 
31,000 = +. 28,000 
36,000 
3,000 36,000 + ——— 
36,000 + 
| 
099 563507) 30,000 
32,000 * 
7s 36.000 + +——— 
* 
a 36,000 
25 = 
€:6 | tore s:1 | tors s:1 | 10:1 10:1 
MAXIMUM. CYCLE 1200 1400 1200 1400 1600 1200 1300 1300 1300 
TURBO- 
TYPE UNREHEATED REHEATED 4EATED| REHEATED | REHEATED 
CRUISE ALTITUDE-FT] | 55,000 | $4000 | 54,000 | 54,000 | $4,000 | 52,000 | 56.500 | $5,000 | $8,000 | 59,000 65,000 45,000 | 47,000 | 52,000 
CRUISE L/O 7-70 7:70 7-70 7-70 7-50 7°95 7°85 8-10 8-15 8-30 6-30 6-S2 7°50 
TAKE-OFF T/wW 0-40 0-45 0-43 0-43 0-37 0-38 0-35. 0-38 0-40 0:40 48 0-36 0-35 
ex 1200 1400 1200 1200 1300 
REHEAT 1200 
TEMPERATURE °K - - 1200 1400 1600 RAMJET —_— 600 100 
NO TAKE-OFF LIMIT 
KEY THRUST TAKE- OFF LIMIT 7JOOOFT BFL 
w weicnr 
ALL CRUISE ALTITUDES, CRUISE LID AND 
TAKE-OFF T/W VALUES ARE GIVEN FOR THE L LIFT 
TAKE-OFF LIMITED PAYLOAD, WHERE THERE =— = DRAG RATIO -OFF_ LIMIT 
1S NO TAKE-OFF LIMITATION THE MAXIMUM ° 
———— MAXIMUM ALTITUDE - FT 
PALL TAD _CONSIEERED SOLB/SQ FT. WING LOADING CORRESPONDS 35,000 FOR _TRANSONIC ACCELERATION 


TO _AN APPROACH SPEED OF 140 KNOTS 


TO GIVE PAYLOAD INDICATED. 


FiGure 31. 


Block diagram of payloads. Cruise Mach number 


=2:0. Wing loading 50 lb./ft.? 
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For example, if the payload has to be devalued below the 
optimum figure to meet a take-off limitation, this is 
because the engine capacity installed for cruise in the 
optimum condition would be too low to meet the take-off 
requirement. Moving to a point on the performance 
carpet where the power loading and wing loading are 
adequate for take-off, levies a weight penalty which shows 
up as a loss of payload. Transonic acceleration heights 
are also shown in each payload block, giving the payload 
which is obtained if enough power is installed to accel- 
erate effectively through transonic speeds at these heights. 
Where other criteria determine the payload the transonic 
height is given as “36,000 ft. plus.” This is considered 
high enough to give an acceptable amplitude to the sonic 
boom effect; this is referred to more fully in Section 9. 


The three speeds considered are now taken in turn: 


Mach 2:0 Cruise Speed 


Here there is a clear superiority for the unreheateg j 


turbo-jet with a gain both for the higher pressure ratiy 
(nominal 10: 1) and the higher turbine entry temperature 
The best figures are for the turbo-jet at 316°C com. 
pressor temperature rise (10:1) and 1,400°K turbine 
entry temperature which gives the high payloads of 14.9 
per cent for 36,000 ft., and 15-6 per cent for 31,000 ft, 
(transonic height). In this case take-off is shorter thay 
7,000 ft. balanced field length and the payload is held by 
the wing loading limit of 50 Ib. /ft.* needed to satisfy the 
landing approach speed. With a 10: | engine at 1,200 
turbine entry temperature a payload of 13-3 per cent js 
obtained with 36,000 ft. transonic altitude. This is close 
enough to the above values (for 1,400°K T-E.T.) to be 
most attractive in view of the easier mechanical problem 


17-5 
COMBINATION ENGINES 
| 
505 
8 — 
29,000 
35,500 
10-0 
29.000 * 
35,500 * 
7-8 36,000 
al 26,500 
> 
< 29,000 
a 
5-0 
35,500 
* 
36.000 
2-5 
RAMJET TAILPIPE 
TEMPERATURE 1700 2000 2200 2000 2200 1700 2000 2200 
CRUISE ALTITUDE - FT. 85.000 | 85000 | 82,500 85,000 85,000 | 82,500 85,000 | 85.000 | 82,500 
CRUISE L/D 7-30 7:30 7:36 7-30 7°36 7-30 7-30 7:36 
TAKE-OFF T/W 0-30 0-40 0-50 
KEY :— T _ THRUST 
weicut RATIO 
35,300 MAXIMUM ALTITUDE, FT., TRANSONIC ACCELERATION TO L LIFT 
ETC. GIVE PAYLOAD INDICATED = RATIO 
MAXIMUM PAYLO. NE ING TAKE-OFF LIMIT 
AXIMU AAD, NEGLECTING TAKE-OFF L xe NO TAKE-OFF LIMIT 


TAKE-OFF LIMITATION 7,000 FT.B.F.L. (WING LOADING OF 
nee FT. MUST BE USED WITH TAKE-OFF T/W OF 


50 LB./SQ. FT. WING LOADING CORRESPONDING TO AN APPROACH 
SPEED OF 140 KNOTS 


Ficure 33. Block diagram of payloads. Cruise Mach number=4°5. Wing loading 50 Ib. /ft.* 
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involved at the lower temperature. The reheated turbo- 
ts are inferior at this Mach number, the best giving 
10-6 per cent payload with 36,000 ft. transonic height for 
0:1 engine with 1,200°K turbine entry temperature 


combination engine does not give a competitive result 
at this speed. 

The best ducted fan consistent with a reasonable 
take-off noise level has a cruise reheat temperature of 
,000°K. A payload of 10 per cent appears possible with 
this engine, together with a transonic altitude above 
3,000 ft. The 1,000°K engine requires a take-off reheat 
temperature of 500°K to achieve a balanced field length 
of 7,000 ft. A ducted fan with mild reheat is not neces- 
sarily a noisy engine. 

If no reheat is used for take-off a ducted fan with 
600°K reheat for cruise is obligatory. The payload falls to 
7:1 per cent because of the increase in engine and ducting 


weight. 


Mach 3-0 Cruise Speed 

This gives an interesting contrast with the Mach 2-0 
picture owing to the effect of the higher compressor 
intake temperature (600° instead of 390°K) which now 
gives preference to the 5: 1 compressor and the 1,400°K 
turbine entry temperature for the unreheated engines. 
The 1,200°K engines are poor; giving 24 per cent pay- 
load for the 5: 1 and a large negative result for the 10: 1 
engine. The better 1,400°K engine gives 10 per cent 
payload which at this speed is a good result, slightly 
better than for the reheated engines. 


The M=3:-0 reheated engines (1,200°K T.E.T.) give 
performances which do not vary a great deal with change 
of reheat temperatures from 1,400° to 1,800°K and the 
effect of compression ratio is small. The best payload for 
full take-off capability is 9-5 per cent for the 5: 1 engine 
with 1,600°K reheat temperature. The 1,800°K engine 
gives a better optimum payload of 11-1 per cent but is 


COMBINATION ENGINES 
TAKE -OFF LIMITS) 
° 
12-5 
+ 
30,000 
+ 
w 
36,000 + 
10-0 
30,000 
36,000 +] 
< 36,000 + 
7:5 
< 36,000 + 
a 
_0 29.500 
° 
36.000 
36,000 
36,000 + 
2:5 
RAMJET TAILPIPE 1700 2000 2200 
TEMPERATURE - OK 1700 2000 2200 1700 2000 2200 
CRUISE ALTITUDE-FT] | 87,000 | 89,000 | 89,000 87,000 | 89,000 | 89,000 88,000 | 89.000 | 89.000 
cruise L/D 7-51 7-46 7+ 46 +51 7-46 7°46 7°49 7-46 7-46 
TAKE OFF T/W 0:30 0-40 0-SO 
T _ THRUST 
KEY :— = 
w= wecnt ®ATIO 
MAXIMUM ALTITUDE, FT., TRANSONIC ACCELERATION 
35,000 TO GIVE PAYLOAD INDICATED 6 = Ga RATIO 
——— MAXIMUM PAYLOAD NEGLECTING TAKE-OFF LIMIT 


42 LB./SQ. FT. WING LOADING CORRESPONDING TO AN APPROACH SPEED OF 126 KNOTS 
Ficure 34. Block diagram of payloads. Cruise Mach number=4°5. Wing loading 42 lb./ft.? 
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under-engined for take-off and when this is rectified the 
payload comes down to 9-2 per cent. 


The combination engine at M=3-0 gives some 
interesting results. Here the turbo-jet component 
(5:1 compression ratio) is specified to give three steps of 
take-off thrust weight ratio of 0-3, 0-4 and 0-5, which 
in turn call for maximum wing loadings at take-off of 
42, 59 and 69 Ib./ft.? respectively to achieve the required 
standard. On the other hand as the turbo-jet component 
is increased the ram-jet proportion falls and the result 
tends towards that for an unreheated turbo-jet. This is 
most marked at 1,200°K T.E.T. where the payload falls 
from 11-1 per cent at 7/W=0-3 to 6-0 per cent at 
T/W=0-5. On the other hand, with the improved per- 
formance of the 1,400°K engines, payloads of 12-2 per 
cent are found at both 0-3 and 0-4 7/W and 10-0 per 
cent at 0-5 7/W, although at the lower 7/W values the 
transonic acceleration height is below the 36,000 ft. 
reference value, being about 27,000 ft. at 7/W—0-3 and 
34,000 ft. at 7/W=—0-4. If this is accepted, then the best 
combination engine has a T/W=0-4, a 1,400°K turbine 
and gives 12-2 per cent payload, which is appreciably 
better than the best turbo-jet values of 9-6 per cent and 
10-0 per cent reheated and unreheated respectively. 

It is important to note that in the combination engine 
the maximum turbine entry temperature is needed only 
for take-off and transonic acceleration, and a sub- 
stantially lower value, say 1,200°K, could be used for 
cruising. This would be a most significant engineering 
relaxation compared with a continuous cruise require- 
ment of 1,400°K T.E.T. 


The M=3-0 ducted fan gives a 9-0 per cent payload 
with a cruise reheat temperature of 1,200°K and a tran- 
sonic acceleration altitude of above 36,000ft. The 1,200°K. 
reheat cruise temperature matches with the take-off 


thrust demand with a take-off reheat temperature F 
500°K. As stated for the M=2-0 ducted fan regyj, 
500°K reheat at take-off represents a reasonable pojy 
level. This result is quite promising at this stage, 

Reducing the cruise reheat tailpipe temperatur 
increases the engine size so that take-off can be acogp, 
plished without recourse to reheat. This state of affaiy 
is demonstrated by the 1,000°K cruise reheat engine: 
however, the payload is reduced to 5-0 per cent with, 
transonic acceleration altitude above 36,000 ft. 

The payload can be increased still further by usigy 
higher reheat temperatures for cruise and take-off, 
cruise tailpipe temperature of 1,400°K yields a payloai 
of 12:5 per cent which is comparable with the bey 
combination engine result. The noise level at take 
is still below or equal to that of the other systems. 


Mach 4-5 Cruise Speed 

At this speed the high ram temperature, 780°C, makes 
turbo-jets impracticable for cruising power so a cop. 
bination engine must be used in which the turbo-jet 
component would be shut-down at speeds above aboy 
Mach 3-0 and the power above this speed would com 
from ram-jets alone. The best result with no performane: 
reservations comes with an installed take-off T/W o 
0-4 when a payload of 10-5 per cent is recorded with; 
cruise altitude of about 85,000 ft. and a wing loading o/ 
50 Ib./ft.2 No limitations apply for take-off, transoni 
acceleration or landing speed. For a thrust weigh 
loading of 0-3 and a lower wing loading of 42 lb./ft2 a 
improved payload of 11-5 per cent is obtained for ar 
aircraft which cruises at 89,000 ft. and meets the take. 
off standard but, would accelerate transonically 
30,000 ft. At 7/W=0-5 the payload falls to 8-9 per cent 
The structure weights of the airframe and the cooling 
equipment, as may be seen from Figs. 7 and 8, ar 
significantly heavier than for M=3-0 due to the greate: 


TABLE VII 
TABLE OF OPTIMUM POWER PLANTS 
er ~ | | Engine Data | Performance 
Wing i 
Type of Engine Loading Mach Nominal | TET wo! | ° pron Start of | Lift/Drag set 
C .E.T. | or Ram-jet y 4 Accel: weight 
Ib./ ft2 No. omp: | Tailpi Payload Alt: cruise Ratio 
Ratio | pipe Alt: ft. | at cruise Ratio 
| Temp. K | feet Take-off 
Turbo-jet 50 2-0 10:1 | 1,400 inne | 15-6 31,000 | 54,000 7-70 0-43 
Turbo-jet 30 | 3-0 5:1 | 1,400 — | 10-0 | 36,000 | 67,000 | 7-55 0-54 
Reheated Turbo-jet 50 | 3-0 a8 | 1,200 1,600 9-0 36,000 72,000 7°77 0-35 
Reheated | 10:1 | 
Ducted Fan 50 | 3-0 By-pass | 1,300 1,400 12°5 36,000 70,000 7-85 0-35 
1-65/1 | 
Combination Engine| 50 | 3-0 5:1 | 1,400 1,400 | 12-25 | 33,700 | 70,000 | 7-85 0-40 
Combination | | 
with ram-jet 50 4-5 a1 | 1,200 2,200 10-5 35,500 85,000 7-30 0-40 
only at cruise 
Combination | | 
with ram-jet 42 4-5 oc3 1,200 2,200 11-8 29,000 89,000 7-46 0-30 
only at cruise | [ | 
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Ure kinetic heating effect; the favourable payload effect is the engines but in their installation in the airframe. Ina 
results F jue to the relatively low engine plus fuel weight which, supersonic aircraft this is especially significant as, under 
* Dose at 56 per cent of the all-up weight, is about 6 or 7 per cruise conditions, a major part of the thermodynamic 
cent Icwer than the figures at Mach 3-0 and reflects the cycle takes place in the intakes and exhaust nozzles which 
Tatuf contribution of the higher cruise propulsion efficiency. are, therefore, components of the engine whose efficiency 
CCOm In this Mach 4-5 case the ram-jet cruise tailpipe tem- and weight have a first order effect on the overall 
affairs perature was taken at 2,200°K. performance. The whole power plant from intake, 
ngine The leading data on the power units and airframes through the turbo-jet or ram-jet component to the 
with giving the optimum results, including the payloads at propelling nozzle, forms one unit whose components 
_ Peach cruise speed, are collected in Table VII. need careful matching to get the highest efficiencies over 
Usitgf = - Jt will be seen that the optimum percentage payloads the full operational range. Owing to the low lift-drag 
fA are 15-6, 12-5 and 10-5 at cruise Mach numbers of 2-0, ratio when compared with a subsonic machine, the 
Yload 3-0 and 4-5 respectively. This fall is due to the increase supersonic aircraft has power plants which are relatively 
bei :. structural and cooling weight with speed, for the larger, so that the control of power plant weight and drag 
ke engine-plus-fuel weights are falling. The increased are even more important. From the drag aspect much 
structure weight results firstly from the change from can be gained by applying the engine nacelles as 
aluminium to steel at M=3-0 and then the provision for rectangular boxes whose upper and lower surfaces then 
generally higher temperatures at M=4-5. However, the become part of the wing, so that with careful design 
lakes | revenue capacity of an air liner is a function of speed as of the intake and nozzles, power plant drag may 
Coll: | well as payload and a rough guide to this effect is given virtually be eliminated under design conditions. The 
0} in Table VIII, which compares “‘work capacity”’ based on rectangular layout also greatly assists the application of 
bout T the product “block speed x per cent payload” and which variable geometry to the intakes and exhaust nozzles. 


shows a significant gain in favour of the faster aircraft. 
Especially impressive are the payloads and work 
capacity figures of the Mach 4-5 project. 


7.1. INTAKE MATCHING 


th In subsonic aircraft a satisfactory intake is usually 
achieved by providing a ‘“‘well-faired hole” facing sub- 
onic} 7. Engine Installation stantially forward. It usually provides an acceptable 
ight Although this paper is a performance survey com- flow distribution at the engine entry regardless of engine 


paring the relative merits of a variety of engines as power 
units for a trans-Atlantic transport aircraft, such work 
needs to be based on practical concepts and care has 
been taken that real operational flight procedures have 
been applied. Engineering practicability also must be 


demands, flight speed or attitude, and causes little or no 
interference with the aerodynamic efficiency of the 
aeroplane. Engine flow variation is achieved by “spillage,” 
that is: by accepting less than the full flow of air up- 
stream of the intake orifice and forcing the remainder to 


ling established, not only in the design and construction of flow outside. 
are 
TABLE VIII 
TABLE OF OPTIMUM POWER PLANTS 
Reheat | | Work* 
= Wing Cruise | Nominal | or Cruise | Block | Capacity | 
Type of Engine Loading Mach Comp: | T-E.T. Ram-jet | 7 Speed | Speed | | Based Bove d 
Ib. /ft.2 No. Ratio K Tailpipe | Payload) Knots Knots | on Block 
| | Sire. Mach no. 
t | Temp. °K | Speed 
_ | Turbo-jet 50 2-0 10:1 1,400 — | 15-6 | 1,145 | 1,056 | 2-44 | 1-000 | 1-000 
| Turbo-jet 50 3-0 5:1 | 1,400 — | 10-0 | 1,720 | 1,458 | 1-63 | 0-886 0-962 
- | Reheated Turbo-jet 50 3-0 5:1 | 1,200 1,600 | 9-0 | 1,720 | 1,458 | 1-63 | 0-831 | 0-914 
| 
- | Reheated 10:1 ‘| | | 
Ducted Fan 50 3-0 By-pass | 1,300 1,400 | 12:5 1,720 1,458 1-63 | 1-11 | 1-20 
1-65 | | | 
Combination Engine | 50 3-0 5:1 | 1,400 | 1,400 | 12-25 | 1,720 | 1,458 | 1-63 | 1-089 | 1-180 
Combination | | 
with ram-jet 50 4-5 $31 1,200 2,200 10-5 2,580 | 1,960 1-09 | 1-250 | 1-515 
only at cruise | | | 
Combination | | | 
with ram-jet 42 4-5 S33 1,200 2,200 | 11-8 2,580 | 1,960 | 1-09 1-404 | 1-702 
only at cruise | | | | 


*As an interesting comparison a typical subsonic transport shows a work capacity figure of 0-38. 
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In supersonic flight, however, spillage involves a 
heavy drag penalty. Moreover, with intakes designed to 
give high pressure recovery, spillage is not possible 
without risk of producing a dangerous flow instability 
known as “buzz.” 

At each flight Mach number, therefore, the intakes 
must be capable of providing the full flow demands of the 
turbine engine at the full design pressure recovery—yet 
must not be forced into a spilling condition by reduced 
demands during part-thrust, change of flight speed, 
attitude or atmospheric conditions. 

These matching problems are the basis for the need 
for intake control linked to flight and engine operating 
conditions. Possible arrangements include:— 


; (1) Pivotable wedges or leading-edge flaps which can 
directly control the quantity of air captured at each 
Mach number, but must also be designed to give 
satisfactory pressure recovery and drag character- 
istics. In some cases it proves difficult to satisfy 
adequately all these requirements. 


(2) Translatable centrebody—an alternative to (1)—for 
pod-type installations, and usable only if very 
poor drag compromises are accepted. 

(3) By-pass ducts—which enable the intake geometry 
design (1) to be confined to optimising pressure 
recovery and drag. They add volume and weight to 
the installation but can be efficient aerodynamically. 


(4) Spill Vents—Turbo-jets or reheated turbo-jets must 
be provided with a quick-acting bleed door system 
capable of “dumping” nearly the whole of the 
turbo-jet mass flow in the event of an engine 
failure or shut-down at high supersonic speeds. 
The design of such bleed doors will be difficult, as 
large flow areas must be provided and the 
“dumped” air must be spilled in such a way that 
its drag penalty is small. The forces produced are 
large, consequently the flow direction of the 
spilled air could upset the aircraft stability unless 
care is taken. 


These problems of intake matching are, in a large 
measure, due to the specific flow requirements of the 
turbine-engine compressor at each flight condition and 
thrust setting. In contrast, the ram-iet with a variable 
final nozzle is—within useful limits—insensitive to the 
precise intake air-flow provided. The well-tried external 
compression intake automatically gives a suitable air 
flow variation over its operating Mach number range, 
and variations in thrust setting do not affect the flow 
requirements. Moreover, no by-pass ducts or spill vents 
are needed. 

When turbo-jets and ram-jets are installed as in the 
combination engine, these simplified intake installation 
requirements of the ram-jet are retained (see Fig. 35). 
Served by a common intake, the turbo-jet satisfies its 
particular appetite for air and the residue passes through 
the ram-jet which serves as the turbo-jet by-pass duct. 
The ram-jet variable exhaust nozzle—which is finally 
adjusted to maintain the intake at optimum pressure 
recovery—can also pass the excess air necessary in the 
event of an engine failure. 


SEPTEMBER 
WEDGE ANGLE CONTINUOUSLY 
VARIABLE WITH MACH NUMBER. 
ENTERING 
STREAMLINE 


INTAKE IN LOW MACH NUMBER POSITION 


ENTERING STREAMLINE. 
INTAKE POSITION AT M=3-0 CRUISE 
Ficure 35. Typical intake variation. 


7.2. EXHAUST NOZZLES 
7.2.1. Variable Geometry 

The fundamental purpose of the exhaust nozzle is to 
expand the hot, high pressure air into a high velocit 
jet imparting the highest possible net thrust to the air. 
craft. With the pressure ratios available at supersonic 
speeds it is necessary for the nozzle to be of the con- 
vergent-divergent form. To satisfy the varying flight 


conditions a measure of variable geometry is also needed Fic 


consisting of:— 
(a) Throat variation. 
(6) Exit area variation. 


Throat area variation is important as a control 0 
the engine operating condition. 

Exit area variatiorvis used to maximise the net thrus 
at each operating condition. Here the net thrust referre: 
to is the gross thrust of the nozzle less the drag of th 
afterbody or rearward facing surfaces surrounding th: 
nozzle. This is important since variation in the nozzk 
exit area also affects the area and pressure distributio: 
on these surrounding surfaces. Propulsion system 
requiring large exit area changes may also need corres 
ponding changes in afterbody profile to avoid th 
creation of bluff base areas and base drag. 

The nozzle geometry is required to be in almoy 
constant adjustment during flight. The mechanism } 
subjected to high and changing temperatures and a hig! 
noise and vibration level. Furthermore the weight of th: 
nozzle at the rear of the aircraft must be watchet 
carefully. The engineering of these nozzles therefor 
will constitute one of the major problems of desig! 
and development of the propulsion system. 


7.2.2. Nozzle efficiency 

At efficient supersonic cruise conditions the nozzl 
exit velocity may be only one and a quarter times th 
inlet, or flight velocity. Hence the net thrust, or changt 
of momentum may be only one fifth of the gross nozzk 
exit momentum. It follows that for every one per cell 
lost in the exit nozzle efficiency in this case, 5 per cent wil 
be lost in overall propulsion efficiency. It is imperative 
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FiGURE 36. Proposed variation of exhaust nozzle geometry. 


therefore, that efficiency of the nozzle is given almost 
uncompromised consideration in its design. This 
further increases the engineering difficulties, particularly 
with regard to cooling, sealing and dimensional accuracy 
of moving surfaces. 

As in the intakes, variable geometry giving efficient 
low loss profiles is more easily applied in a rectangular 
nozzle with two-dimensional flow. A diagrammatic 
representation of the geometry variations in the pro- 
pelling nozzles for turbo-jets and ram-jets is given in 
Fig. 36, which shows how throat area, divergence ratio 
and base profile may be controlled. 

The nozzle installation for a ram-jet engine is shown 
in Fig. 37 and for a suggested corresponding turbo-jet 
layout in Fig. 38. Fig. 39 shows how a complete instal- 
lation of a combination power plant might appear. 


8. Engineering Comments 

The engineering implications of designing power 
plants for supersonic operation, particularly from the 
mechanical and structural aspects are wide enough to 
justify a separate paper on this subject in its own right. 
Nonetheless, a short review will help to fill in the 
practical background against which the engine perfor- 
mance assumptions have been made so as to have some 
idea of their practicability in terms of timescale and cost. 


8.1. RAM TEMPERATURE 


In supersonic engines the dominant new factor is high 
temperature. Ram temperatures are high and, for good 
engine 


performance, require high maximum cycle 


temperatures. So in comparison with subsonic engines 
we have the double problem of dealing with high gas 
temperatures with the handicap that the main cooling 
medium—the ram air—is hotter by a few hundred 
degrees centigrade. The stagnation temperatures are 
approximately 120°, 330° and 780°C at Mach numbers of 
2-0, 3-0 and 4:5 respectively. In the turbo-jet engine the 
problem splits naturally into two parts:— 


(a) The “cold” end including the compressor and 
casings, bearings, auxiliary units, controls and 
electrical equipment. 

(b) The “hot” end of the engine, including com- 
bustion chambers, turbine blades and discs, 
bearings and main structure including exhaust 
cone, jet pipe and propelling nozzle. 


8.2. THE TURBO-JET COLD END 

The performance results have shown that at M=2 the 
optimum engine is a turbo-jet with a compression ratio 
of 10: 1 equivalent to a compressor delivery temperature 
of 430°C. This would require at least the high pressure 
end of the compressor to be made in steel. At M=3, 
although the problem is relieved by the lower pressure 
ratio, the delivery temperature comes out at 530°C 
and, with the ram temperature at 330°C, it would 
be necessary to make virtually the whole of the com- 
pressor of steel, with creep resistant properties for the 
blades and discs at the high temperature end. 

At speeds above M=3 propulsion is likely to be 
entrusted to ram-jets alone, so the turbo-jets would be 
shut down during the cruise phase, but even in this 
condition there would still be the problem of their 
withstanding the ram temperatures and protection would 
be needed, at least for some of the more sensitive 
assemblies such as control and auxiliary units, as well as 
the lubrication and fuel systems. In any installation, of 
course, the problem of idle engines must be faced. In 
cases of in-flight engine failure or malfunction the faulty 
engine will continue to windmill unless its intake is 
closed off or the damage is severe enough to cause it to 
seize and lock solid. Even the windmilling unit might 
present cooling problems, as it is likely that some 
services and components will depend normally for a 
cooling medium on the engine fuel flow which would be 
shut off in an emergency. Interconnection of the cooling 
systems of adjacent engines would be needed if extensive 
damage to an idle engine (which might still otherwise be 
usable in emergency) is to be avoided. As far as possible 
all components (including packings and seals, electric 
cables, etc.) should be capable of withstanding at least 
ram temperature. 

Generally speaking the design problems on the cold 
end appear to be manageable by careful design, using 
normal aircraft engine materials. 


8.3. THE TURBO-JET HOT END 

This is one of the highly sensitive points in the design 
of a supersonic air liner as a whole. As the analytical 
studies have shown, unreheated turbo-jets benefit sub- 
stantially from an increase in turbine entry temperature 
which enhances both the thrust (at all speeds) and the 
specific consumption at the higher Mach numbers. Two 
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F'icure 37, Section through ram-jet bay. 


HEAT SHIELO 


MULTIPLE COMBUSTOR ASSEMBLY 
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HEAT SHIELD 


TURBOJET EXHAUST NOZZLES 


RAMJET EXHAUST NOZZLE 


RAMJET COMBUSTORS 


FiGureE 39. Sectioned view of combination power plant. 
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FiGuRE 38. Section through turbo-jet bay. 


N.B.—This nozzle is a fixed throat alternative to that shown in Fig. 37. The variable throat 
nozzle of Fig. 37 can be used with the turbo-jets if required. 


values of the turbine entry temperatures were chosen for 
the detailed studies: 

1,200°K representing current practice for cruise 

conditions in subsonic flight. 

1,400°K to represent a more difficult target as a 

standard to achieve within the timescale of the 
project. 

It must be emphasised that these are temperatures for 
continuous cruise operation. Present indications are that 
blade alloys may become established and available, 
capable of continuous operation (uncooled) in gas 
temperatures of about 1,220 to 1,240°K, and that by 
blade cooling this could be stretched to about 1,400°K, 
although quite advanced techniques of blade cooling and 
fabrication will be required, particularly in view of the 
high temperature of the compressor delivery air which 
must be used (800°K). This factor could be improved by 
using a heat exchanger between the compressor delivery 
dan ram air streams at the cost of complication and 
weight. It appears also that turbine disc materials and 
cooling techniques will match the above blade perform- 
ance. It has been on this appreciation that the choice of 
1,400°K was made on the basis that this would represent 
the highest turbine entry temperature likely to be 
available in the timescale for continuous cruise perform- 
ance. Due allowance was made for the effect of the bleed 
air on the engine performance. 

Another important problem appears in the sheet 
metal structure of the engine hot end. The gas tem- 
perature leaving the turbine would be about 1,230°K, 
say 960°C. This represents a good white heat and it 
would not be acceptable in a buried engine design to 
allow large surfaces at something near this temperature 
to radiate unimpeded onto the surrounding aircraft 
structure which would, therefore, have to be protected. 
Unless the exhaust duct were substantially air-cooled, 
insulation would have to be applied. The metal tem- 
perature would then tend towards equilibrium with the 
gas temperature and might be expected to attain 900°C. 
Alloys in sheet form are available to meet this duty but 


methods of design and fabrication backed by adequate 
running experience need to be established. 

On this overall assessment the turbo-jet engine with 
1,400°K turbine entry temperature for continuous super- 
sonic cruise presents a difficult design and development 
problem, whose solution would be expensive in the 
development phase and in the unit cost in production. 
For Mach 3:0 operation in particular, the relaxation of 
this problem by the ability to use engines cruising at 
1,200°K, offered by both the reheated turbo-jet and 
the combination engine solutions would be worth having. 


8.4. DUCTED FAN 

The foregoing comments about straight turbo-jets 
apply generally also to ducted fan engines which are 
essentially turbo-jets (with an auxiliary by-pass flow) in 
which the gas generator component differs little from a 
straight turbo-jet. However, the by-pass engine would 
have an important engineering advantage in the effective 
cooling of the hot end, which would result from the air 
flow in the concentric by-pass duct. 


8.5. RAM-JETS, MACH 3:0 CRUISE SPEED 

The ram-jet component of a combination engine 
would be operated during the transonic acceleration, 
climb and cruise conditions but it is primarily installed as 
a cruise engine which, at a relatively smail weight 
penalty, usefully augments the thrust of the turbo-jets at 
high altitude. This enables the better lift-drag ratios at 
high altitude to be exploited. In a supersonic transport 
aeroplane the most arduous flight condition for turbo-jet 
engines is encountered during cruise when the engines 
operate continuously with high inlet temperatures, at 
their maximum capability; this capability as we have 
seen is dearly bought. The ram-jet engine in this context 
provides a striking contrast. Instead of an engine in 
which the high temperature, highly stressed rotating 
components are held with the greatest difficulty to 
acceptable creep and fatigue lives, a static structure is 
substituted which is the ram-jet burner. This can be 
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designed to ensure that high metal temperatures occur 
only in members carrying low stress, while the metal 
temperatures themselves are relatively easy to control as 
the ram air available for cooling is at a lower tem- 
perature by 200° to 300° than the compressor delivery 
air of the turbo-jet. The highest gas temperature 
(1,900°K) occurs only for a short period during transonic 
acceleration when the cooling air would be around 0° to 
50°C. Under normal cruise conditions at, say M=3-0, 
the gas temperature would be at the modest values of 
1,200° to 1,400°K. These factors show that a ram-jet 
burner, as a simple straightforward static structure 
could be expected to give extreme reliability in operation 
over long periods. Its first cost and development costs 
would be low and long overhaul periods could be 
expected. Another important attribute is its power 
reserve, implicit in its low cruise temperature, which 
enables a large increase in thrust to be obtained in 
emergency (such as failure of another engine) by increasing 
the fuel flow. The turbo-jets would, in comparison, have 
virtually no reserve thrust capacity. 


8.6. RAM-JETS, MACH 4-5 CRUISE SPEED 

Conditions for a ram-jet at this speed would be 
considerably more arduous than at Mach 3-0 as the ram 
temperature would be up to 780°C (1,050°K) and the 
tailpipe temperature around 2,000°K. For this kind of 
operation careful design of the ram-jet skin cooling 
arrangements would be needed with, probably, the use of 
ceramic coatings on some of the hotter parts, especially 
in the propelling nozzle. With such techniques an 
effective design could be developed, although it would be 
considerably more difficult than the M=3-0 version. 
Kinetic heating at M=4-5 would make the problems of 
the whole airframe more difficult than at M =3-0. 


8.7. REHEAT BURNERS 

Generally speaking these present a similar structural 
problem to ram-jets except that, operating as they do in 
the exhaust stream of a high temperature turbo-jet the 
basic gas temperature will be between 1,000° and 
1,200°K, some 500 or 600° hotter. This makes the 
problems in the design of the reheat burner roughly 
comparable to those of a ram-jet operating at M=4-5, 
so that weight and cost penalties could be expected. 


9. Operational Factors 


The standards of performance which are required in 
off-design conditions, such as take-off and landing, may 
have a significant limiting effect on the overall capability 
of a transport aircraft in commercial operation. These 
performance standards are applied to ensure safety. 
Additionally, the aircraft (as has been seen in the case of 
the present subsonic jet transports) will be required to 
satisfy airport authorities in respect of any nuisance 
it could cause as, for instance, from engine noise. In 
general, limitations of this kind, whether from a safety 
or a nuisance aspect, are liable to impose performance 
penalties which will show up as a fall in payload and rise 
in operating costs. This is clearly important from a 
commercial aspect and needs fuller consideration. 


9.1. LIMITING FACTORS 

For a supersonic transport there are four importay 
limiting factors to consider :— 


(a) Take-off. This has been specified for this exercig 
as a maximum balanced field length of 7,000 f, 

(6) Landing approach speed. This has been taken at, 
maximum of 140 knots at 65 per cent all-up Weight, 
equivalent to a take-off wing loading of 50 Ib. /{: 

(c) Transonic acceleration height. This is considerg 
as a limitation in terms of the nuisance from sonic 
boom. Current opinion is to limit the amplitude y 
ground level to one Ib. /ft.* 


(d) Engine noise at take-off. Take-off noise limits are 
set at present by the standard of the Boeing 707, 
These limiting factors may now be considered in tum 
in the context of aircraft performance and the associated 
power plant requirements. 


9.2. TAKE-OFF AND LANDING 
The figure of 7,000 ft. balanced field length has been 
taken as a useful reference, somewhat better than that 
shown by present long range jet transports (which have 
been criticised in this respect). Now for a given wing 
type and aspect ratio as used in this investigation, there 
is, for each chosen cruise Mach number an exchange 
between wing loading and thrust-weight-ratio which will 
give the required take-off distance. This enables a take- 
off limit line to be plotted, as shown for example in Fig, 
24. For the combination engine, for each constant 
thrust-weight ratio assumed, the take-off limit is a line of 
constant wing loading. Fig. 24, as an example, shows 
how the application of this standard of take-off per- 
formance cuts off a region of the carpet where the high 
payloads conferred by high wing loadings would other- 
wise be available. If the take-off distance were relaxed, 
better payload figures could be obtained but this could 
well be dangerous as the high wing loading would givea 
high unstick velocity (and also, of course, a high landing 
speed). This is representative of cases where the engines 
giving optimum performance for cruise are insufficient 
for take-off. In some cases the opposite result occurs and 
the cruise engine capacity for optimum payload more 
than suffices to meet the take-off requirement. Where 
the variation of payload with wing loading is small (as in 
the combination engined aircraft) it would pay to choose 
a low wing loading value as this would give a generally 
more manageable aircraft at take-off and landing, witha 
greater cruise altitude. It would also keep down aero- 
dynamic forces and heat transfer effects, which would be 
especially important for the M=4-5 aeroplane. 

In many examples the permissible wing loading has 
been decided by the landing approach speed limitation 
rather than by the take-off requirement when the latter 
would be met by a wing loading greater than the 
50 Ib./ft.* landing approach limit. 


9.3. TRANSONIC ACCELERATION HEIGHT 

Owing to the drag rise in the transonic region this is 
one of the critical phases in the aircraft mission from 4 
thrust-drag margin viewpoint. The aircraft drag in this 
region is not very sensitive to altitude but the turbo-jet 
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goes supersonic is kept within acceptable limits. 

This is still far from being a precise subject owing to 
the limited experience as yet accumulated and the 
complexity of the phenomena involved. However, 
at the present time a figure of one Ib. per sq. ft. at ground 
level is widely accepted as a tolerable amplitude. Further, 
from studies made in the U.S.A. it has been taken as a 
rough general rule that the height at which a supersonic 
transport type of aircraft would have to fly during 
transonic acceleration in order not to exceed this one 
lb. per sq. ft. disturbance on the ground would be about 
36,000 ft. This height has been taken as a reference value 
when evaluating the payload performances for the 
different engine arrangements shown in the block 
diagrams of Figs. 31-34. In some cases the installed 
engine capacity giving the optimum payload is sufficient 
to handle the transonic acceleration at 36,000 ft. or above. 
In others this optimum cruise engine capacity is in- 
sufficient and a lower altitude (which is given on the 
diagram) must be accepted. The diagrams show that if 
the 36,000 ft. transonic capability is insisted on there 
can be a serious loss in payload. Such a penalty in 
performance cannot be accepted lightly and better 
information on this subject must be obtained. Already 
there is evidence (Lina, Maglieri and Hubbard) that 
careful management of the flight path can produce a 
major reduction in sonic boom amplitude and, therefore, 
in the minimum altitude permissible for transonic 
acceleration. As such techniques, by permitting transonic 
acceleration at lower altitudes, could have a major effect 
onthe payload, type of power plant and cost of the whole 
project, it is evidently extremely important to get the 
best information possible on this subject early enough in 
the design cycle. 


9.4. ENGINE NOISE AT TAKE-OFF 

Operation of the present jet transports (Boeing 707, 
de Havilland Comet and the Tu. 104) has shown that 
airport regulations for permissible noise levels must be 
observed in projecting any new aircraft for civil use. 
For the proposed supersonic transports, engine thrust 
capacities of the order of three times that of the Boeing 
107 are in contemplation so the matter must be con- 
sidered seriously in the design stage, particularly if 
engines of high specific thrust (like the high temperature 
turbo-jets) are to be used. This subject is at least as 
complicated as the preceding one (sonic boom) but there 
is now a fair accumulation of experience which is 
continually increasing. 

The supersonic transport would, on a simple installed 
thrust basis, produce roughly three times the noise of a 
subsonic one. However, the large thrust capacity 


produces its own alleviation in the steep climb path 
Which it makes possible. If a point vertically under the 
climb path and 24 miles from the start of the take-off run 
18 considered, the altitude of the supersonic machine is 
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FicureE 40. Noise level directly under climb path at a point 24 
miles from “brakes off’. All engines give a take-off T/W=0°35. 


found to be 1,100 ft. compared with 350 ft. for the sub- 
sonic one, and this brings a well-worthwhile attenuation 
in noise. Fig. 40 is a plot of the noise level at the 24 miles 
point as a function of engine take-off specific thrust for a 
supersonic transport assumed to have 120,000 lb. take-off 
thrust and a climb path angle of 10°. This demonstrates 
the above comparison and also shows the relative noise 
figures for the range of engines which have been examined 
in the present exercise. A figure of 112 db. is quoted as an 
acceptable noise level for these conditions. (Lina, 
Maglieri and Hubbard). 

The various engines which have been used in this 
analysis are placed on this curve by their specific thrusts 
and so their noise ratings can be read off. This shows that 
the high temperature jet engines will be 8 to 10 db. worse 
than the currently accepted figure with values of 120 and 
122 db. at 5: 1 and 10: 1 compression ratios. The 1,200°K 
turbo-jets would be slightly quieter at 117 db. 

These figures apply to engines at full power but in 
some instances the installed engine capacity more than 
covers the take->ff requirement. Throttled engines could, 
therefore, be used for take-off and initial climb with a 
substantial relief from the noise effect. The ducted fan at 
103 db. unreheated and 107 db. reheated to 500°K 
would be distinctly better than the turbo-jets. This 
means that ducted fans must be seriously considered for 
supersonic transport power plants. On payload perform- 
mance they have come out somewhat inferior to the best 
turbo-jet at M=2:0 or the best combination engine at 
M =3-0 at the low noise levels. However, if a noise level 
of 112 db. is accepted the ducted fan becomes compar- 
able with the best M=3-0 combination engine. These 
figures have been obtained from examples of the 
currently projected subsonic types and it appears likely 
that improved results might be expected from optimisa- 
tion studies specifically aimed at supersonic transport 
applications. 


10. Conclusion 

A picture has been presented to show the effect of 
using different kinds of engines in the propulsion of a 
supersonic trans-Atlantic air liner at a variety of speeds 
and, although this picture is not complete, for the scene 
is always unfolding, it is hoped that the information 
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given may be useful to engineers engaged with these 
problems and interesting and stimulating to a wider 
public. 

A point which stands out and which needs emphasis 
is the interdependence of the engines and the airframe 
in the fields of aerodynamics, structures, installation, 
control, overall performance and operation. Planning an 
enterprise of this kind, therefore, calls for an extremely 
close co-operative exercise in the project, design and 
development phases between the airframe and engine 
teams so that the final aircraft gets the full benefit of 
power plants which have been evolved and tailored to 
match closely the airframe characteristics in all operation- 
al conditions. 

Technical evidence is accumulating that such an 


DISCUSSION 


Air Commodore Banks (Chairman): The lecture was a 
clear exposé of new thought on a difficult subject and was 
probably one of the most forward “engine” papers pro- 
duced, which would be used as 2 reference and guide by 
those who, in the next year or two, would be making 
studies on supersonic aircraft. It might well be the only 
worthwhile power plant paper published for some time, 
since the supersonic air liner, and everything to do with it, 
would become a very national and political matter and, 
certainly in the early stages, no country would want to 
give its rivals too much information on this subject. 


M. B. Morgan (Ministry of Aviation, Fellow): Dr. 
Jamison and Mr. Lane were to be congratulated on a 
most timely paper. He thought a whole new field of trans- 
port aircraft design was opening in front of them. As the 
years went by, supersonic transport might well eat into, and 
finally dominate the long-range market. They would see the 
process of one supersonic theme being superseded by a 
more advanced theme; the sort of picture they had become 
used to over the years in subsonic aeronautics. Possibly 
colour had been lent to the idea of a limited number of 
designs, and to the necessity for careful choice between 
rival speed régimes, by current international debate. This 
had largely been concerned with what should be the charac- 
teristics of the first large transport to enter into these super- 
sonic regions. His point was that there would also be 
second, and third, and fourth successful design themes. 
With this background, a paper such as this was particularly 
appropriate. It made them think, not only about what 
might happen next, but also as to what might happen 
subsequently. Research, development, construction and 
proving were necessarily such long procedures nowadays 
that as pointed out by the lecturers, one could not start 
thinking of such things too soon. 

The payloads quoted, while useful for comparative 
purposes, seemed a little high in absolute terms. For 
example, even at a Mach number of 2, his impression was 
that they were doing extremely well to approach ten per 
cent payload, let alone get up to fifteen. He wondered what 
Dr. Jamison’s aircraft colleagues felt about this. 

Could the lecturers enlarge on the relative engineering 
difficulties associated with variable geometry of intakes and 
exhaust nozzles at Mach 2, Mach 3 and Mach 4-5? 

He welcomed the lecturers’ calling attention to the 
dominating importance of engine noise. This must be a 
major engine design parameter from the outset, for super- 
sonic civil machines and any engine designer who neglected 
this did so at his peril. He would like to endorse what the 


enterprise handled in this way, with resolution and 
imagination, would lead to a successful and Profitab 
air liner which would have a dramatic effect in improyin, 
world communications. ‘ 
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Chairman said about this being a reference work. He wa 
sure it would be used intensively for a long time. 


Dr. R. R. Jamison: There was already one derating 
factor on the top payloads, the 15-6 per cent result would 
come down to 13-7 per cent as a result of a more realistic 
allowance for variation in size of the fuselage to match the 
payloads. But even that was high by some current results, 
He thought there were two reasons. One was that the 
engines they had assumed really were advanced: they hada 
considerable improvement in weight over current standards, 
and that was quite an important factor in range considera- 
tions. The proposed engines were forecast by extrapolation 
of trends in current engines over the relevant time-scale so 
that the projected aircraft were getting the benefit of 
advanced techniques not yet achieved. The second factor 
which led to higher payloads was, in fact, this process of 
optimisation. If one ensured that the variables did match 
each other, in the way they had done, appreciably better 
results could be obtained than those derived by taking 
arbitrary solutions. Of course he was conscious that they, 
themselves, used an arbitrary ariframe. They had done 
their best to be realistic and had found that spot-points 
taken from the data of various teams working in this field, 
both in this country and the United States, compared 
surprisingly closely with the results they had produced. 

Mr. Morgan’s other question was of the relative diff- 
culty in engineering the intakes and nozzles at these speeds. 
Possibly the most suitable scale of measurement of engin- 
eering difficulty there was temperature. It was relatively 
a straightforward job at a Mach number of 2, where the 
temperature was around 120°C (at the intake end). 

At Mach 3 the temperature was about 300° Centigrade 
and still manageable with normal techniques of metal con- 
struction, although seals, electrical and hydraulic equip- 
ment would need special care. At Mach 4-5 with a ram 
temperature of about 800°C, resistant steels and special 
provision for cooling of equipment would be needed. 

At the exhaust end the picture generally speaking, was 
rather similar to the current practice for reheat engines. 
However, at Mach 4-5, owing to the high temperature 
of the available cooling air, the problem would be more 
difficult. They would have to apply techniques of cooling 
which were well known, and they would have to make 
them usable under prolonged cruise conditions. The 
difficulties would be to preserve shapes and to avoid vibra 
tions. Rectangular nozzles could be, in some ways, more 
difficult to engineer than circular ones because it was more 
difficult to keep a flat surface flat than a round tube round. 
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On the other hand the two-dimensional (rectangular) 
nozzle system appeared to offer easier solutions of the 
variable geometry problems and to have advantages in high 
efficiency and low drag. 

Ww. O. W. Challier (Chief Aircraft Project Engineer, 
Rolls-Royce Ltd., Fellow): Mr. Morgan had already men- 
tioned the very high payloads estimated by Dr. Jamison 
and Mr. Lane; in whatever work his company had done, 
they had got rather lower figures. This was a good goal 
to aim at, but they thought it was difficult to achieve. 
He was glad that the ducted fan had come into its own 
even for this sort of speed; but he did not know why it 
was called a ducted fan. It was, of course, nothing but 
a by-pass engine. They agreed about the advantage of 
by-pass engines but could Dr. Jamison say whether the 
by-pass ratio chosen, which seemed rather high, was the 
optimum or was just a by-pass ratio connected with a 
pressure ratio? 

They did not doubt that blade temperatures of 1400°K. 
might be possible, although it would be very difficult to 
design a blade with a satisfactory life for that sort of thing, 
so it might well be that they would start at somewhat 
lower temperatures. Even a slightly less ambitious goal 
might help enormously. Regarding noise, the curves pro- 
duced by Dr. Jamison were extremely interesting, but he 
was not quite sure—he might have misunderstood—what 
they had proved as far as throttling back was concerned. 
His recollection was that there was a curve giving the 
noise level at a constant thrust/weight ratio. For take- 
off all engines were fully opened up and it was shown that 
for the same noise level the by-pass engine was best, with 
which they would agree. But two other engines were also 
shown, and they were engines which would give, or could 
give, a higher thrust/weight ratio. Those engines were 
then throttled back at take-off, presumably to the same 
thrust/weight ratio as the other engines, and then they 
showed up better. This was not surprising because they 
were then cooler engines (and presumably there was some 
penalty in engine weight). But supposing these engines 
were opened up fully for take-off, in which case the aircraft 
would have a better climb performance, would the noise 
level be lower or higher, or the same? It might well be 
that the best thing was to have a lot of thrust and initially 
to climb fast to try to get to the highest altitude at the 
airport boundary and then to throttle back. This seemed 
to be, at the moment, the best way of dealing with the noise 
problem in the vicinity of aerodromes, rather than to 
throttle back during the initial climb. 


Dr. Jamison: He thought the name “ Ducted fan” was 
originally coined in England and he believed Sir Frank 
Whittle originated it. Certainly it was in use by Dr. 
Griffith before the by-pass engine had been christened. 
As far as he was concerned, the principle at stake here 
really was the use of a by-pass round the main turbo-jet, 
and he would include in this category the ram-jet combin- 
ation engine, which was another form of by-pass engine; 
problem in the vicinity of aerodromes, rather than to 
100 per cent in a case like a Mach 4-5 engine at cruise. 

As for the question “was 1-65 optimum?” they did 
not know yet, to be quite honest. It looked to be so from 
a survey which had been and still was developing, and in 
which they looked at the ducted fans last. It appeared to 


be a manageable by-pass ratio; in particular one got large 
unwieldy engines and ducts at higher values. However, in 
ducted fan engines so many variations of the cycle were 
Possible that considerable further investigation was needed. 
But it was safe to say it was better than a guess; it was 
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a choice of a figure which appeared to give the best results 
as far as they looked, but they would like to take the 
enquiry further. With regard to 1400°K being ambitious, 
they chose this turbine entry temperature, partly because 
they did not want anybody to tell them that, if they had a 
hotter turbo-jet, then ram-jets would not look so attractive, 
and partly because it was intended to set a bracket and an 
aim at which they were intending to arrive. He thought 
that was realistic because they were talking of a period 
of development which was likely to be of the order of 
ten years. If they really put their backs into it, it seemed 
from the extrapolation of trends in metallurgy and 
designs which were in being, that it would be attainable. 
He agreed it would be a big and expensive job, and it might 
be better to be more modest, and use other means for 
getting an optimum engine, such as using heating in the 
duct, whether by-pass or otherwise. The answer would 
come out of matching to the kind of airframe wanted. The 
standard of engine had, as he said before, a direct effect 
on the payloads. Those payloads were high largely be- 
cause such a good engine had been used, in the case of 
the straight turbo-jet. Alternatively, they could obtain 
high payloads with a turbo-jet of more modest specifica- 
tion if it were used in combination with a ram-jet. That 
was because the ram-jet could deliver the extra thrust at 
high altitude needed to exploit the higher lift drag ratios 
without incurring large engine weight penalties. A ram-jet 
was only 10 to 20 per cent as heavy as the equivalent 
turbo-jet. 

As to throttling back on the noise curve, they 
could throttle back if the cruise conditions had specified 
more engines than were needed for take-off. If it seemed 
appropriate and desirable for operational use, they could 
cash-in on this excess thrust capacity by taking off with 
engines throttled. There were two schools of thought, to 
throttle, or not to throttle, and he believed that if they used 
all the thrust available, in general the noise at 24 miles from 
the start of the take-off would be less, even though the 
engines were giving more thrust. But he could not help 
feeling sympathy with people who, in a place like London 
Airport or Idlewild, were going to be near the business end 
of this aircraft at the beginning of the take-off run; that was 
also an important factor, and some compromise between the 
two might be necessary. He did not believe that noise levels 
of the order of 120 or 130 db., fairly close to the runway, 
as some airport buildings were, could be acceptable. That 
would be difficult, because they had three times as much 
engine as the Boeing 707. And that, again, was where the 
by-pass engine, with a fan in it, would help. 


R. P. Probert (Deputy Director N.G.T.E., Fellow): 
There was one way of getting the cruising thrust which 
might change the picture. If they could get very high intake 
recovery at cruise, and so squeeze more air through a given 
engine, they should be able to run cooler at better economy, 
and reduce the amount of engine required for cruising 
thrust. From the basic data quoted he thought that a 
modest, not an extremely high recovery had been assumed, 
which might be capable of improvement. The possibility 
existed of adapting intakes to give two-stress flow in which 
one stream was at very high recovery indeed while the other 
stream was at lower recovery and could be regarded, in a 
way, as a large bleed flow used to improve the primary 
stream recovery. In combination with a by-pass engine one 
might then expect to operate with high by-pass ratio at low 
flight speed and low by-pass ratio at cruising flight speed. 
Such an arrangement might usefully improve the prospects 
of the by-pass engine. 
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Another factor in the engine which could change the 
picture of relative engine prospect was the propelling nozzle 
efficiency, a parameter whose significance Dr. Jamison had 
emphasised. He thought most of them would be un- 
certain of the detailed variation over the speed range of 
the performance they should be able to get from this com- 
ponent. For example, cruise performance might very well 
have to be tempered by the necessity of transonic accelera- 
tion. He supposed that taking into account compromises 
of this sort, the nozzle cruise performances they would 
get were likely to require the use of higher engine cruise 
temperatures, so favouring the use of turbo-jet engines, 
partly reheated, and swaying the balance away from the 
inclusion of a ram-jet component in cruising thrust at this 
flight speed. Perhaps Dr. Jamison would comment. 


Mr. Lane: He agreed that the increase in the pressure 
recovery would tend to improve considerably the unre- 
heated turbo-jet performance because by increasing the 
pressure recovery one put up the swallowing capacity and 
also increased the thermal efficiency. That meant reduced 
engine size, and better matching for take-off and cruise, 
particularly at M=3, which represented the sort of condi- 
tion where one gained most. The hotter engines would not 
be so necessary. One might expect to push up the payload 
of an aircraft with an un-reheated engine by about 2 per 
cent with an increase in pressure recovery of about 10 per 
cent at Mach 3. On the other hand the exit nozzle ex- 
pansion ratio increased as pressure recovery increased. 
High nozzle thrust efficiency was more difficult to obtain 
with greater expansion ratios so that at very high Mach 
numbers, as typified by M=4-5, the pressure recovery 
cculd actually be an embarrassment in terms of perfor- 
mance. In addition, the higher pressure recovery meant 
higher weight of intake and nozzle which had to be over- 
come by increased thrust in order to show benefits. 

Mr. Probert’s two-stream flow would be ideal for a 
turbo- ram-jet combination. The low weight ram-jet could 
be used to burn the low energy air enabling the higher 
weight turbo-jet to be fed with the high energy air. In this 
way all the intake air could be used to produce useful thrust 
at reasonable overall economy with the minimum weight 
penalty. Feeding turbo-machinery with low energy air 
was not the best way of producing thrust from a given 
engine weight. 


Dr. Jamison: He thought one might comment on the 
actual standard of intake pressure recovery which they 
had chosen. He agreed with Mr. Probert that in some 
ways this might look a little bit inconsistent with the as- 
sumption of very high performance for the turbo-jets. 
They chose an intake recovery factor which looked as if 
it would not only be attainable but maintainable in real 
operation. For one thing, to get safe operation, one 
could not take the intake as near to its optimum as one 
could in laboratory testing. One had to come away from 
the optimum conditions to make sure that it did not run 
into surge. Also, there was liable to be deterioration to 
some extent in the mechanical condition of the intake. 
One could get better pressure recoveries with boundary- 
bleed on the intake, but in general, from the data avail- 
able to them, it appeared that the swings and roundabouts 
pretty well balanced out. It was intended to be a prac- 
tical operational intake efficiency which they used, rather 
than an optimum demonstrable laboratory efficiency. 
The other factor he thought Mr. Lane had covered very 
well, that if one did get a better intake recovery one 
forced the air in at a higher pressure, so that one did not 
need such a big turbo-jet, and this saved weight. He 


thought that it was a more potent effect than the improve. 
ment in cycle efficiency. 

They did not accept that they could not do a 2004 
cruise nozzle. If, however, nozzle performance was down 
there must be a penalty—either more engine or a hotte; 
engine with more fuel consumption. Either way the, 
would be a loss of payload. It looked as if more ra 
(with its low weight) would be the best palliative. 


D. J. Pickerell (Rolls-Royce Ltd.): Did Dr. Jamison 
intend reheating only the fan-stream itself? If so, what sort 
of reheat combustion efficiency would he expect to get 
especially at take-off, where the inlet temperature was yen 
low, and also at cruise? 


m-jet 


en) 


Dr. Jamison: The figures given were for the by-pass 
circuit only, the reason being that quite good results wer 
obtained and the engineering problem of heating hoi) 
streams looked as if it was going to get extremely difficyl; 
to handle when one stream was inside the other. Hi 
did not think it was very critical whether one reheatej 
the by-pass stream only or both streams, but they cer. 
tainly wanted to carry the investigation further. He could 
not say off-hand what combustion efficiencies they used for 
take-off; in fact, it did not really matter because in that 
condition they would put in enough fuel to heat the stream 
to the required temperature. 

The amount of fuel used during take-off had a rela. 
tively minor effect. During the cruise, the figure for the 
cruise reheat efficiency was about 95 per cent, but it was 
certainly likely that, especially with small amounts of 
heat addition as at take-off, unless quite elaborate staging 
of the combustion processes were used there would be 
burning in cool streams and a tendency to get low com- 
bustion efficiencies in those conditions. One could get 
high combustion efficiencies by burning at high tempera- 
tures and then mixing (at a certain cost in pressure loss), 
but he just did not think it would be worthwhile, because 
only minutes of operation would be involved at the low 
temperature condition. 


A. N. Clifton (Assistant Chief Engineer, Vickers- 
Armstrongs (Aircraft) Ltd., Fellow): The order of the pay- 
load in the best cases shown was about 10 or 15 per cent, 
and it so happened that that was the order of the total 
weight growth which they were accustomed to have on 
aeroplanes. They must admit that as aeroplane manufac: 
turers they had often come out over-weight on the ait- 
frame, and he had even known engines to come out 4 
little heavy and sometimes to consume more fuel than the 
engine designer had thought in the first place. There was 
a time-honoured method of getting over this difficulty. 
and there they had to give all credit to the engine chaps, 
because they always managed to increase the power of the 
engines faster than the weight went up, and, as a result, at 
the finish, although the aeroplane weighed more, the per- 
formance requirements were achieved. But this process 
involved pushing more air through the system—in fact, 
making a louder noise. Now it seemed the noise problem 
was going to be very prominent at take-off, and therefore 
they might be unable to adopt this method. How did 
Dr. Jamison propose to deal with the inevitable weight 
growth of the aeroplane which could cancel out the whole 
of the payload? 


Dr. Jamison: Coping with the weight growth at take-off 
was a nasty problem, particularly if they must not make 
any more noise. There was a saving grace, that if one got 
the thrust up by putting more air-flow through, it was nol 
going to worry people very much in terms of decibels, 
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whereas if one got the thrust up by pushing the velocity 
up, then they would protest vigorously. If one were faced 
with a deficit in performance at cruise, one would get some 
quite good alleviation if one put ram-jets into the 
aeroplane, because one could, even without putting more 
air through, get a lot more thrust out of a ram-jet, within 
reasonable engineering capabilities, simply by putting the 
temperature up. The specific consumption curve was 
quite flat against temperature at the region they were 
talking about, and the mechanical difficulty of getting the 
higher temperature also was quite manageable. So that 
where one got an aircraft that had ram-jets, and by im- 
plication reheat or by-pass engines came into the same 
general category, if one had not been running near the 
limits, then one could recover from the engine some of 
the deficits of excess weight, at least at the cruise con- 
dition. To make it more powerful without making it 
more noisy at sea level must involve bigger engines with 
more air flow, and although this would almost certainly 
exact a weight penalty there was a possibility that the 
bigger engines would permit a greater cruise altitude and 
a better lift drag ratio. 


G. H. Lee (Deputy Chief Designer, Handley Page Ltd., 
Fellow): Could Dr. Jamison explain what assumptions 
he made with regard to the external drag of the power 
plants; in particular, had he assumed the power plants 
were mounted in external pods or were they buried? 
The answer could, he thought make quite a lot of differ- 
ence to the type of aircraft selected as the best, because 
there would be considerable diffeernces in size and volume 
between the two possible types of engine arrangement. It 
was not usually possible to install bulky things anywhere in 
a supersonic aeroplane without paying some penalty. 

Dr. Jamison had referred to a delta of aspect ratio 1-5 
as the aeroplane on which this work had been done; were 
they to infer that he thought this was the right configuration 
at a Mach number of 4:5? It seemed surprising if this 
were SO. 


Mr. Lane: They had assumed that all the engines could 
be buried, or become integrated, so as to incur no ex- 
ternal wave drag. Skin friction drag would be a part of 
the aircraft drag. Bulky engines were of course difficult to 
install. In general, the best engines resulting from the 
survey were the smallest because they were the lightest. 
They were, of course, the engines least likely to suffer 
from the problem of bulkiness. It followed that the worst 
engines if they were also bulky, would be even poorer 
than they had shown them to be. This was equally true 
for Mach numbers of 2, 3 and 4-5. In the figures the 
Mach 3 data only were shown. They obtained the best 
lift/drag ratiio from an aspect ratio of 1-5 at Mach 3. At 
Mach 2 they obtained the best lift/drag ratio at an aspect 
ratio of 2, while at Mach 4-5 they had an aspect ratio 
of one. 


Dr. W. Cawood (Deputy Controller Aircraft (R & D), 
Ministry of Aviation, Fellow): They had been fortunate in 
having this lecture and Mr. Morgan’s (Supersonic Aircraft 
—Promise and Problems, J.R.Ae.S., June 1960—Ed.) so 
close together and to have had two papers which would 
become, he believed, the standard reference papers for a 
long time, internationally, in this field of supersonic aircraft. 
They would certainly be extremely helpful, he knew, to the 
Ministry of Aviation in trying to get its policies clear on this 
important problem. He would like to thank the authors 
for what he thought was a fascinating, important, and very 
useful paper. 


G. H. Lee (Handley Page Ltd.) Contributed: He felt 
that the question of the aspect ratio assumed by the lec- 
turers for the aircraft in which they installed their series 
of hypothetical engines was a matter of some importance. 
As he had indicated in his spoken comments, he thoughi 
the aspect ratios assumed, namely, 2:0 at a Mach number 
of 2:0, 1:5 at M=3-0 and 1:0 at M=4-5 were too high 
because the aerofoils so described would not be suffi- 
ciently slender to permit the assumptions of the slender 
wing theory to be applied and this therefore, meant that 
the cruising lift/drag ratios claimed would not, in fact, be 
achievable with the aspect ratios assumed; with lower 
aspect ratios it was probable that the values of lift/drag 
ratio very close to those claimed in the cruise could, in 
fact, be realised. It was his opinion that more suitable 
values for aspect ratio would be the following : 

For M=2:-0, aspect ratio not greater than 1-5, for 
M=3.-0, aspect ratio 1:0 and for M=4-5 aspect ratio 0-75. 

With these lower values of aspect ratio, the perfor- 
mance of the aircraft in the climb and stand-off phases 
would be very considerably inferior to that which the 
authors must have deduced from the higher aspect ratios 
which they had assumed. This therefore meant he thought, 
that the non-cruise fuel implied in the design studies was 
not large enough; it was their experience that this fuel could 
be a large proportion of the all-up weight. 

It seemed to him that this reduction in non-cruise fuel 
explained the unexpectedly high percentage payloads shown 
by the authors. 

Another feature which would benefit from the unduly 
high aspect ratio was take-off and climb away; this meant, 
he thought, that the take-off problem had appeared to 
be easier than would prove to be the case. 

Therefore it seemed to him that this very interesting 
and useful paper might have suffered somewhat as a result 
of this one rather unrealistic assumption. He did not 
imagine that relative merits of the different kinds of power 
plant would be greatly altered if the authors had used the 
lower aspect ratios that he suggested, but it was possible 
that in cases where there appeared to be two types of 
engine that were approximately of equal merit, then such 
a change in assumptions might swing the balance in favour 
of one type or the other. It would be interesting to have 
the authors’ comments as to whether or not they thought 
their conclusions were sensitive to this kind of change. 

Mr. Lane: The aspect ratios used in the lecture were 
found to be equal or slightly better than the lower ones 
proposed by Mr. Lee in terms of cruise lift/drag ratios 
for the range of cruise altitudes giving maximum pay- 
loads. Fig. A showed curves of lift/drag ratios at M=3-0 
plotted against start of cruise altitude. The low aspect 
ratio aircraft was superior at low altitudes where wave 
drag was most important and the higher aspect ratios 
showed advantages at high altitudes. It followed that the 
aircraft which matched the high performance engines used 
in the survey were the intermediate aspect ratios which, 
of course, were superior at off design flight conditions. 

The intermediate values of aspect ratio were associated 
with high lift/drag ratios but other teams had been obtain- 
ing high lift/drag ratios with even greater values of aspect 
ratio. In fact they felt that they were sitting between two 
schools of thought in their choice. Mr. Lee showed 
that the low aspect ratio wings which he recommended 
brought problems at take-off associated with thrust 
required and hence take-off noise, or alternatively, take-off 
length, and also increased fuel consumption in the climb 
and during stand-off. If this were indeed so, then surely 
the low aspect ratio wing had to be considerably better 
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Ficure A. Cruise lift/drag ratio plotted against aspect ratio 
and altitude at M=3-0. Wing loading=50 lb./ft.? 


than the intermediate one in terms of cruise lift/drag 
ratio in order to justify itself. 

If one supposed that a low aspect ratio wing had been 
used and that the cruise lift/drag ratios were maintained 
the following factors would be obtained: 


1. Take-off length would be increased from the modest 
7,000 ft. balanced field length to a value nearer that 
of current DC-8 and Boeing 707 aircraft. 


2. The climb fuel would be increased because of extra 
transonic drag, but a generous allowance had been 
made for this in their performance calculations. 

3. The stand-off fuel consumption would rise, as Mr. 
Lee had stated. The engines with the worst S.F.C. 
would, of course, come off worst. Thus one would 
expect the high compression ratio turbo-jets and the 
ducted fan to improve their relative positions, but all 
payloads would fall by between 1-5—4-0 per cent, 
depending on engine type. At M=2 the position of the 
engines would be unchanged. 

At M=3-0 the ducted fan would remain the most 
promising, and the high compression ratio turbo-jet 
would still be out of the picture. The combination 
engine would be at its optimum with a slightly higher 
compression ratio. 

At M=4-5 the picture would remain the same. 


It must be emphasised that the survey was conducted to 
compare engines and not to determine absolute payload 
values. The payload values were nominal ones and the 
fuselage was assumed designed for a 10 per cent payload. 
The effective increase or decrease on the 10 per cent value 
would be only two-thirds of the quoted values when allow- 
ance for the adjustment of the fuselage weight associated 
with the payload had been made. In addition, assumptions 
had been made of engine standards in advance of those 
being currently used for project studies and these standards 
thereby contributed to higher payloads. The structure 
weights might be on the light side according to current 
British project studies, but it was believed that the trends 
were correct. 

It was considered that the assumptions made in the 
lecture gave a good indication of the relative merits of 
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engine systems for supersonic transports when integrate, 
with the aircraft in such a way as to incur no extra 
external drag due to the presence of the engines. 


R. C. Harris (English Electric Co. Ltd., Assoc. Felloy) 
Contributed: Dr. Jamison had noted that, although the 
cruise phase of the flight was extremely important the 
off-design performance must also be taken into accoun' 
in any analysis such as this. He would like to add em: 
phasis to this statement by pointing out that in the Studies 
they had made to a similar specification, the fuel te. 
quired during the cruise was somewhat less than 50 per 
cent of the fuel carried, so that a great deal of though: 
must be given to matching the engine-airframe combina. 
tion not only during the climb and acceleration phases 
but also during stand-off and diversion. 

One point which appeared surprising at first was the 
high percentage payloads being shown; in addition to D; 
Jamison’s explanation it was suggested, from the way in 
which payload was defined, that this included not onl 
passengers plus baggage, but also seats, furnishings, ete. 
Hence the true payload would be about two-thirds of tha; 
shown since the ratio of passenger and baggage weight to 
passenger equipment items was very roughly two to one. 

They had been shown how these various designs had 
been optimised at each Mach number, but no reference 
had been made as to how the aspect ratio was chosen. He 
would be very interested to know what method was 
adopted since the aspect ratios quoted appeared rather 
higher than would have been expected. 

Dr. Jamison had stated that although the payload 
figure was important in assessing the economic value of 
an aeroplane the full answer required consideration of 
many other aspects, including time scale. Would he make 
some estimate of the effect of going from M=2:-0 to 
M=3-0 or M=4:5 on time scale? 


Mr. Lane: The payload values used were inclusive of 
seats and furnishings, but excluding cabin structure. 

Aspect ratio was chosen by optimising from graphs of 
lift/drag ratio as shown in Figs. 4—6. Aspect ratios be- 
tween 1:0 and 3-0 were considered. As stated in the 
answer to Mr. Lee’s similar query, the survey which used 
more advanced standards of engine than were currently 
available gave fairly high cruise altitudes and at the higher 
cruise altitudes higher aspect ratios could be used. The 
high aspect ratio shapes did also confer better off-design 
aircraft characteristics. It was possible that lower cruise 
aspect ratios would better suit the lower specific thrust 
engines at M=2-0 and 3-0, but the improvement in cruise 
L/D at lower cruise altitudes would surely not make the 
low specific thrust engine worthwhile. 


Dr. Jamison: With regard to time scale, this brought in 
not only the technical work content of the project but 4 
number of human factors as well. The speed with which an 
enterprise of this kind was accomplished depend on the 
size and competence of the teams deployed and especially 
on the vigour, tenacity, enthusiasm, efficiency and courage 
which was brought to bear in directing and co-ordinating 
the work. However, speaking relatively it would appear 
that starting from scratch, a Mach 3 project might re 
quire say, 10 years instead of seven to bring into service. 
compared with a Mach 2 enterprise. With regard ‘0 
Mach 4-5, it did not appear that the Industry was yet 
ready to initiate a transport aircraft designed for this 
speed. This would be better regarded as a later generation 
to follow on as a replacement for the first. 
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W. M. DOYLE, Ph.D., M.Eng., F.I.M. 
(Chief Research Metallurgist and Manager, Research Division, High Duty Alloys Ltd.) 


HERE IS a scarcity of specific design data which can 

be presented to the aircraft designer to enable him to 
assess the most suitable structural aluminium alloy for a 
high speed civilian transport aircraft. The problem is 
essentially due to the relatively low range of elevated 
temperatures, in which he is interested, coupled with the 
very long life requirements for a commercial transport 
aircraft flying at speeds at which it is possible to consider 
the use of aluminium alloys. 

Although the firm with which the author is associated 
has a vast experience in the development and knowledge 
of aluminium alloys for aero-engine and gas turbine 
purposes, it has never been required, in the past, to 
consider engine applications much below about 200°C, 
and the design data, which was determined over many 
years and provided as a service, satisfied the engine 


“designers if the period of test was up to 1,000 hours. On 


the other hand, to the designer of aircraft for subsonic 
flight, kinetic heating is no problem at all, and he is 
quite satisfied with a knowledge of the room temperature 
properties of the various alloys. 

In discussing the use of aluminium alloys for struc- 
tural purposes for high speed transport aircraft, where the 
life requirement is up to 30,000 hours and the tempera- 
tures at which the designer will consider the use of 
aluminium alloys is between 100 and 200°C, one must 
realise that this is a unique set of conditions where the 
difficulties associated with testing times of three to four 
years make the problems of alloy development rather 
difficult. 

The other factor which must not be overlooked is that 
there has been no call in the past for the testing of 
aluminium alloys in sheet form at elevated temperatures 
and the properties of the alloys as forged or extruded bar 
cannot necessarily be taken as indicative of those of the 
same alloys in the form of sheet. 

We have an appreciation of the saturation skin 
temperatures, which have to be reckoned with, by ref- 
erence to those given by Hartshorn” and shown in Table 
I for the temperatures reached at 75,000 ft. with an 
emissivity factor of 0-9 and an ambient temperature of 
-56°C. 

Arbitrarily, speeds at, or above, about a Mach number 
of 2-7 are not being considered in this paper for the 
transport aircraft application because the consensus of 
opinion among aircraft designers is that an aircraft 
consistently flying at speeds of this order of magnitude 


*A Lecture given before the Weybridge Branch of the Society 
on 13th April 1960 at a joint meeting with the Southern 
Branch of the Institution of Mechanical Engineers. 
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would have to be built in either steel or titanium alloys, 
or a combination of both. Compared with steel, all 
aluminium alloys lose strength more rapidly as the tem- 
perature rises above 150°C and, generally speaking, above 
about 200°C aluminium alloys (with the exception of 
S.A.P.) cannot offer sufficient strength or stability to 
permit their use in an aircraft structure with a life of up to 
30,000 hours. The latter is the life expectancy of a modern 
supersonic civilian transport aircraft. 

The skill and experience which has been acquired at 
great expense of capital and scientific effort by both the 
Aluminium Industry and the Aircraft Industry in building 
aircraft in aluminium alloys, should not be discarded 
lightly. Moreover, there are great difficulties associated 
with fabrication and lack of “know-how” if more costly 
materials are used. In addition, the economic exploit- 
ation of aircraft built in steel or titanium will involve 
speeds and resulting temperatures, where problems asso- 
ciated with the non-metallic parts of the structure are 
well known. 

The high strength aluminium alloys currently in 
production, on which present techniques of airframe 
construction have been developed, rely for their mechani- 
cal properties on specific heat-treatments. The latter 
involve a solution heat treatment at temperatures of the 
order of 450 to 530°C, and then quenching in water and 
ageing, either naturally or artificially, at temperatures up 
to about 200°C. Immediately after quenching, the alloys 
are relatively soft and during the natural, or artificial 
ageing, precipitation of the intermetallic compounds, 
formerly in solution, takes place. This phenomenon 
results in an appreciable increase in strength and hardness. 
If these alloys are subjected in service to temperatures 
which approach that of the artificial ageing temperature 
or exceed it, additional ageing will take place and the 
higher the temperature and the time at this temperature, 
the greater the tendency to revert to the condition 
corresponding to that of metallurgical equilibrium. The 
result of the latter condition is a decrease in the mechani- 
cal properties. 


TABLE I 


Saturation 
Mach No. Temperatures 


20 | 100 
2°5 150 
3-0 200 
3-5 300 
40 370 
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It is necessary to point out the difference between the 
effects of the heating during service on the properties, as 
measured when the component has cooled down again to 
ordinary temperature, that is, the recovery properties, 
and the loss in properties apparent when the measure- 
ments are actually made at the temperature of service, 
after soaking for the required time at that temperature. 
Within the range of temperatures due to kinetic heating 
considered in this paper for supersonic transport aircraft, 
travelling at speeds up to about a Mach number of 2-7, 
the effects of successive exposures to the corresponding 
temperatures may safely be regarded as additive. 

In addition to the tensile properties after long exposure 
times, it is necessary to consider what happens when the 
load is maintained throughout the period. In this case, 
creep occurs. The creep properties of an alloy are very 
susceptible to the previous working and the grain size of 
the material. In general, the coarser the grain the greater 
the resistance to creep, but for formability it is necessary 
to have as fine a grain as possible; therefore, there has 
to be a compromise between tensile properties, formability 
and creep resistance. 

Another important property which must be considered 
is the resistance to alternating stresses, or fatigue endur- 
ance, at the temperatures encountered in service. 


1. Thermal Stresses 

In a structure operating at elevated temperatures, in 
addition to the mechanical properties, certain physical 
properties of the materials used are of greater significance 
than in the case of a structure functioning at ordinary 
temperatures. The thermal conductivity, or thermal diff- 
usivity, and the coefficient of thermal expansion affect the 
strain under non-uniform heating. The associated stress 
may be calculated if the modulus of elasticity (Young’s 
modulus) is known for the particular temperature. 

The physical properties of the alloys which influence 
the thermal stresses are:— 


Thermal Conductivity 
Coefficient of thermal expansion 
Specific Heat 

Modulus of Elasticity 

Density 


The thermal diffusivity K/(h xd) is a measure of the 
capacity of the material to transfer heat by conduction. 

Professor A. J. Murphy‘) in developing the calcula- 
tions and data of Dryden and Duberg,“ assesses the 
merits of five different types of metallic materials at 200°C, 
with regard to their tendency to give rise to thermal 
stresses for a given heat input. He states that the resulting 
thermal stress would seem to be proportional to: 


Thermal Stress Modulus 
Thermal Diffusivity 


E.2z.h.d 


or 


This coefficient or modulus for the five materials is 
shown in Table II. 


Professor Murphy comes to the conclusion that, 


“There is a prima facie case for magnesium and alumip, 
ium alloys as the least likely to give rise to high therm,| 
stresses. Titanium comes next, then the steels and finall 
the nickel alloys. The relative orders of magnitude a. 
magnesium and aluminium -1, titanium ~7, steel ~¢ 
nickel alloys -40.” 

One further advantage of aluminium alloys should), 
mentioned and that is their resistance to buckling jy 
compression. N. E. Promisel‘ using a formula deriye 
by G. Gerard‘), has assessed the relative relationship 
between temperature and critical buckling and shear ie 
some high strength aluminium, titanium and steel alloys 
He comes to the conclusion that in compression pla: 
applications where buckling is critical and, under som: 
conditions, in shear, steel appears to be of dubious meri 
at all temperatures and aluminium alloys have the adyap. 
tage even at temperatures possibly up to 260°C or 315°¢ 

It is intended to present for consideration the available 
mechanical properties of a selection of the wrought 
aluminium alloys in current production and to mention 
some of the properties of experimental alloys. Litt 
information of a reliable nature exists on tests lasting 
more than about 1,000 hours. 

Table III gives the nominal chemical compositions of 
the alloys which will be considered. 

The aluminium-zinc-magnesium-copper types of struc. 
tural alloy (D.T.D. 683, 687 and 363) have been omitted 
from consideration because it is well known that they 
lose their mechanical properties rapidly at service tempera: 
tures slightly in excess of 100°C and this effect is increas. 
ed by time at these temperatures. The aluminium-copper- 
magnesium type alloys are currently the most popular in 
use for aircraft skinning. One of these alloys, typified 
by Hiduminium, 66. is covered by a complete range of 
D.T.D. and B.S. Specifications, such as L.65 (extrusions), 
L.77 (forgings), L.73 (clad sheet). 

Another alloy of this type is Hiduminium 72, whichis 
used to a large extent in America, where it is known as 
2024. There is no current British Specification for this 
material. It can be used in the naturally aged, W or T4, 
condition or in the artificially aged, T.6 or T.81, temper 
and is available as clad sheet, plate and extrusions bul 
not forgings. The difference in the composition of 
Hiduminium 66 and Hiduminium 72 is mainly associated 
with the higher magnesium and lower silicon content of 
Hiduminium 72. This gives it a greater response to 
prceipitation hardening. 

The aluminium-copper-magnesium-iron-nickel alloy, 
Hiduminium R.R.58"°), was specifically developed for 
gas turbine engine applications operating between aboul 
200 and 250°C. It is available in all the wrought forms 


TABLE II 
Thermal Stress Modulus 
Materials Thermal Diffusivity 
(c.g.s. units x 103) 
Titanium alloys 147 
Magnesium alloys 16 
Aluminium alloys 27 
Alloy Steels 350 
Nimonics 860 
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TABLE III 
NOMINAL COMPOSITIONS OF WROUGHT ALUMINIUM STRUCTURAL ALLOYS 
. ; | ce | Me | Si Fe | Mn Ni Ti | Cd Li Al 
ignat 
% | % % | % % % % % 
Hiduminium 66 | | 
(BSS.L.65, L.77,L.71,L.73, | 4:3 | 0-7 | 0:8 or Rem 
D.T.D.746, 5040 etc.) | | 
| | | 
Hiduminium 72 | | | | 
(No British Specs. Similarto 4:6 | 1-3 | — | 0-7 |} Rem. 
2024) | | | | | 
| | | 
Hiduminium R.R.58 | | | | | 
(D.T.D.731, 5014, 5070 etc.) 2°5 1‘6 0-2 | 1-2 0-05 Rem. 
x.2020 4°5 | — 0-5 —- | 0-2 | 1-2 Rem. 
within the terms of the present discussion, the tempera- 


(D.T.D.731, and so on, forgings; D.T.D.5070, clad sheet; 
D.T.D.5014, extrusions). For several years, many thou- 
sands of tons of this alloy have given satisfactory service 
as gas turbine engine impellers, spacer rings, compressor 
blades and aero-engine pistons. 

The available information on an experimental alloy 
which has been introduced by Alcoa, namely X.2020, has 
also been included. Thisis an aluminium-copper-mangan- 
ese alloy containing cadmium and lithium. The presence 
of the latter gives rise to considerable difficulties in 
melting and casting and there is quite a high premium on 
the purchase price of this alloy. In order to obviate the 
producticn difficulties with this material, alloy develop- 
ment is proceeding with Hiduminium R.R.57 as a base. 
One of these developments, designated EX.443,is showing 
some interesting properties which, although not quite 
meeting the high level of properties demonstrated by 
X.2020 at room temperature, is showing a less marked 
fall-off with time and temperature than the lithium 
containing alloy. Unfortunately, it is too early to present 
the properties of EX.443 in the same way as the alloys in 
current production. 

Hiduminium 100, or sintered aluminium powder 
(S.A.P.) has also been included in this assessment. Made 
by a powder metallurgy process starting off with flake 
powder, which is subsequently processed under very 
carefully controlled oxidising conditions, various grades 
of S.A.P. products are available containing a nominal 
oxide content of 6-5, 10 and 13 per cent. All these grades 
are made as extrusions but the grades containing 6-5 and 
10 per cent oxide are also available as sheet. The hardness 
or strength of S.A.P. depends upon permanent dis- 
persion hardening as distinct from the precipitation 
hardening, common to all the strong conventional 
aluminium alloys. As discussed previously, the con- 
ventional age-hardened alloys change with exposure 
to temperature and time towards an equilibrium 
condition eventually leading to loss of strength, 
but S.A.P. remains structurally stable at all tem- 
peratures up to about 550°C. Its strength and hard- 
hess fall off as the temperature rises, but not very rapidly 
and it recovers its original properties completely on 
cooling down to room temperature, even after as long as 
1,000 hours soaking at 550°C. Although this material 
shows every indication of being worthy of consideration 
at temperatures above 200-225°C for long-term exposure, 


tures appear to be too low for S.A.P. to show its 
superiority over the conventional aluminium alloys. 


2. Presentation of Data 


The design data on the wrought alloys, which has 
been determined in High Duty Alloys Ltd., Research 
Division, and that of X.2020'*’ and 2024'°’, derived from 
the literature and Alcoa results, are given in Figs. 1 to 
10, inclusive. The time scale in hours has been plotted 
on a log basis and enclosed rectangular brackets round 
the alloy designations, on the left, indicate that the 
information on which the curves have been derived has 
emanated from America. The figures immediately fol- 
lowing the alloy designations in normal brackets, (), 
show the corresponding room temperature tensile pro- 
perty in tons/in.”. Where British Standard or D.T.D. 
Specifications exist, these are shown at the other end of 
the appropriate curve, on the right. It is proposed to 
deal with sheet materials first and then consider the 
same alloys in the form of forged or extruded bar. All 
the mechanical properties given in this paper for sheet 
materials have been determined on specimens cut in a 
transverse direction to that of the rolling. 

For the purpose of comparison, it is proposed to 
concentrate on two specific temperatures, namely, 130°C 
as being representative of a skin temperature correspond- 
ing to, approximately, a Mach number of 2-2and 175°C, 
which corresponds, approximately, to a Mach number of 
2:7. This higher temperature has also been chosen as 
being typical of that which is possible in a location where 
there is a probability of radiation heating due to the 
proximity to jet pipes or power plants. 

Figure | shows the tensile and 0-1 per cent proof 
stresses at 130°C of the sheet alloys plotted against times 
of up to 1,000 hours at the test temperature. From an 
appraisal of the 0-1 per cent proof stress values, especially 
in the region of 1,000 hours, and considering the slope of 
the curves as indicating what the situation would be for 
longer soaking times, 2024-T81 appears to be coincident 
with L.73, even with exposure times of greater than 
1,000 hours. However, the upward slope of the curve for 
Hiduminium 72-W, due to the ageing phenomenon, 
leads one to believe that this alloy in the naturally aged 
condition (W) may take over from the artificially aged 
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alloy (2024-T81) at about 10,000 hours. It should be 
remembered, however, that the 0-1 per cent proof stress 
of Hiduminium 72-W is considerably lower than that of 
of 2024-T81 and that the superiority of the artificially- 
aged material is still apparent at 130°C for the shorter 
soaking periods. The possibility of extrapolating these 
curves will be discussed later. 

In Figure 2, which shows the corresponding proper- 
ties at 175°C, at 1,000 hours, there does not appear to be 
much to choose in proof stress values between Hidu- 
minium 72-W clad sheet or a similar alloy artificially 
aged (2024-T81) and Hiduminium R.R.58, except that 
from the slope of the curves, the latter alloy appears to be 
better above 1,000 hours. There is no information on the 
elevated temperature tensile properties of X.2020 sheet, 
but some data is available on the recovery tensile proper- 
ties of the unclad alloy in this form, as shown in Fig. 3. 
After soaking at 130°C, this alloy appears to be by far 
the best and, therefore, one would assume that the 
corresponding elevated temperature properties of X.2020 
sheet at 130°C would be superior to the alloys mentioned 
above. Of the alloys in current production, the recovery 
tensile strength of Hiduminium 72-W is slightly better 
than L.73, after 1,000 hours and longer, but the 0-1 per 
cent proof stress of L.73 is superior after 1,000 hours 
and more. 

Figure 4, showing the recovery tensile properties of 
sheet after soaking at 175°C, indicates a rapid decline in 
properties, with exposure times greater than 100 hours, 
in the case of the unclad X.2020, although after 1,000 
hours, the tensile strength of this alloy is still the highest. 


The recovery 0-1 per cent proof stress after 1,000 hoy, 
at this temperature is slightly the best in the case y 
Hiduminium R.R.58 and, for longer times, the indicatig, 
is that this superiority will become more marked, 

From data which is not presented in this paper, y. 
know that Hiduminium 100 containing a nominal |0 per 
cent oxide, becomes worthy of consideration in Fespect 
of both elevated temperature and recovery propertie; 
after about 1,000 hours at 195°C. Similarly, the grag. 
of Hiduminium 100, containing a nominal 6-5 per cen, 
oxide, is better than the conventional alloys above | (iy) 
hours at about 210°C. 

The tensile properties of forged or extruded bar y 
130°C, corresponding to the information on sheet given 
in Fig. 1, is shown in Fig. 5. Here, the advantage of 
X.2020 bar is demonstrated for 1,000 hours and longer 
With regard to the current alloys, under the same congj. 
tions, L.77 shows the highest 0-1 per cent proof stress, 
The curves for the corresponding tensile properties a 
175°C, given in Fig. 6, show the slight superiority of 
Hiduminium R.R.58 forged bar over L.77 and X.2020in 
tensile strength at 1,000 hours. Although the 0-1 per 
cent proof stress of X.2020 is similar to Hiduminium 
R.R.58 after 1,000 hours, the slopes of the curves indicate 
that for longer times, Hiduminium R.R.58 is the most 
stable of all the alloys. 

The recovery tensile properties, after soaking at 130°C, 
of bar materials are shown in Fig. 7. Under these 
conditions, the superiority of X.2020 is obvious; the best 
of the standard alloys being L.65. 

Figure 8 shows the recovery properties, after soaking 
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FiguRE 2. Tensile and 0-1 per cent proof 
tresses of clad sheet materials at 175°C. 
plotted against soaking time. 


Ficure 3. Recovery tensile and 0:1 per 
cent proof stresses of clad sheet materials 
plotted against soaking time at 130°C. 
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at 175°C, of bar materials and although L.77 is the best 
at 1,000 hours, the indication is that after exposure times 
greater than about 4,000 hours, Hiduminium R.R.58 will 
take over. 


3. Creep Resistance 


It is understood that designers can tolerate about 0-3 
per cent total plastic creep strain in 30,000 hours. Creep 
testing to determine the stresses to produce this amount of 
strain has not yet been carried out. The best we can do 
is to quote the stresses to produce 0-1 per cent total 
plastic strain in 1,000 hours and use these figures as a 
possible guide to the relative resistance to creep for the 
very much longer times and the greater amount of plastic 
strain. The estimated stresses plotted against temperature 
shown in Fig. 9, have been derived from the available 
information on aluminium alloy sheet materials. Con- 
sidering 130°C, Hiduminium 72-W is better than the 
other alloys. At 175°C, on the other hand, Hiduminium 
100 begins to show an improvement relative to Hidu- 
minium 72-W. Creep data on X.2020 is not available. 

The corresponding creep-resisting properties of bar 
materials are shown in Fig. 10. Using the same conven- 
tion of considering the two specific temperatures 130°C 
and 175°C for this assessment, we can see that in both 
cases the best material is L.77 forged bar. The difference 
in creep resistance exhibited by the same alloy in the 
extruded condition (L.65) may be accounted for by the 
relatively coarser grain size in the forged bar. The effect 


of increasing temperature on the forged X.2020 materiy 
is indicated by the fact that it is second in order of mer 
at 130°C, but only fourth at 175°C. 


4. Fatigue Properties 


In view of the fact that aircraft designers appear {) 
be much more interested in direct stress fatigue results 


the only figures which have been included in this pape} 


are those which have been obtained on Haigh direct stres; 
fatigue machines. With an applied mean tensile stress ¢/ 
8 tons/in.*, the estimated alternating direct  stregse, 
for fatigue failure under these conditions in 10° and {0 
cycles at room temperature, 130°C and 175°C, on shee 
materials are shown in Table IV. Here it can be see 
that at the elevated temperatures there is not much tp 
choose between Hiduminium R.R.58 and Hiduminiun 
72-W. 

The corresponding fatigue results on bar materia\ 
are given in Table V. It appears that L.77 is the best a 
room temperature and Hiduminium 72-W at 130°C. A 
175°C, L.77 is the best at 105 cycles, but Hiduminium 
72-W again becomes superior at the higher number o/ 
reversals. 


5. Modulus of Elasticity 


Young’s modulus, or the modulus of elasticity, 
decreases with increasing temperature as illustrated in the 
curves in Fig. 11. The latter shows the modulus for all 
the forged or extruded structural aluminium alloys 


& 


HIDUMINIUM 72-W (36° S~ €) 


~ J €) 
MIDUMINIUM 66 


MIDUMINIUM 8.8.58 (295-5) 


TENSILE STRENGTH T/ in? 


Ficure 8. Recovery tensile and 0:1 per 
cent proof stresses of bar materials plotted 
against soaking time at 175°C. 
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TABLE IV 
HAIGH COMBINED DIRECT STRESS FATIGUE TESTS 


SHEET MATERIALS 
Applied Mean Tensile Stress—8 tons|in?. 


SEPTEMBER 


TABLE V 
HAIGH COMBINED DIRECT STRESS FATIGUE TESTS 


BAR MATERIALS 
Applied Mean Tensile Stress—8 tons in?. 


Estimated Alernating 

Test Stresses (tons /in.?) to 

Alloy Temperature Produce Failure in:- 

105 cycles | 106 cycles 

Hiduminium R.R.58 R.T. 6-9 3-7 
(Clad) (D.T.D.5070) 130°C 7-0 3-3 
7°5 3-5 
Hiduminium 66 (Clad) | & 5-9 2-6 
(L.73) 130°C 6-0 3-2 
3-0 
Hiduminium 72-W R.T. 7°5 3-3 
(Clad) 130°C 6:8 3°5 
4-1 
Hiduminium 100 R.T. 4-9 3-3 
(Unclad) (S.A.P.895) 130°C 5-2 3°3 
175°C 4-5 2-4 


discussed in this paper, plotted against temperature. 
X.2020-T6 shows the highest values up to about 160°C 
and Hiduminium 66 (L.77) is the best above this tem- 
perature. 


6. Possibilities of Extrapolation 

Many investigators have studied the possibilities of 
extrapolation to predict long-term properties from short- 
term test data. However, much of the available inform- 
ation is concerned with creep stress to rupture, such as 
the work of Larson and Miller, Dorn“ and others 
and work is continuing on the extrapolation of creep 
design curves. 

For age-hardening aluminium alloys the recovery 
tensile properties are a measure of the over-ageing 
occurring under the particular conditions of time and 
temperature involved. By assuming that over-ageing is 
governed by a rate of diffusion process, Fisher” has 
proposed a relationship enabling the recovery and 
elevated temperature tensile properties to be determined 
from a knowledge of the time, temperature and two 
parameters, using an equation of the form 


where B is a constant 


T is temperature in °K 


and Cis a variable function dependent upon the 
recovery 0-1 per cent proof stress, or tensile strength, 
resulting from ¢ hours at a temperature of T °K. 

The application of this method requires an accurate 
knowledge of the relationship of the recovery and elevated 
temperature tensile properties for two soaking periods. 
From a constant stress level on each curve, a pair of 
simultaneous equations yielding values for C and B may 
be derived using equation (1). Extension of this process 
over a range of values of the strength property to be 
determined gives a value for constant B and enables a 


Estimated Alternating 
Test Stresses (tons /in.2) tg 
Alloy Temperature Produce Failure in:- 
105 cycles | 106 cycle; 
Hiduminium R.R.58 ar. 14-2 11-0 
(Forged) (D.T.D.731) 130°C 13-8 0-2 
175°C 12-2 9-4 
Hiduminium 66 RT. 16-7 12-4 
(Forged) (L.77) 130°C 14-2 10-3 
175°C 13-7 8-8 
Hiduminium 66 R.T. 14-4 12: 1 
(Extruded) (L.65) 130°C 12-7 10:7 
175°C 11-4 8-6 
Hiduminium 72-W 15°7 12-4 
(Extruded) 130°C 15-1 10-5 
11-4 10-0 
Hiduminium 100 6-1 4:7 
(Extruded) 130°C 4-4 3-4 
(S.A.P. 865) 175°C 4-3 


curve relating C to this property to be constructed 
Using this master curve it is possible, therefore, to plot 
recovery tensile curves for any time period. 

If the recovery and elevated temperature property 
curves are plotted as functions of stress against tempera- 
ture on the same diagram, it is apparent that a point onthe 
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elevated temperature diagram represents the same condi- 
tion of over-ageing as the point vertically above it on the 
recovery diagram for the same time period. Thus, by 
relating known points on both elevated and recovery 
curves, from the predicted recovery curves it is possible 
to extrapolate the elevated temperature properties. 

The tentative extrapolated values quoted for the 
various materials in Table VI have been deduced by this 
procedure, using known data for soaking times up to 
1,000 hours. The validity of the method has been checked 
by reference to known test values after 4,000 hours, 
where these exist, and the degree of error was within 
about + 5 per cent. 

No precise extrapolated values could be determined 
for the 0-1 per cent proof stress of Hiduminium 72—W 
clad sheet at 130°C, or X.2020-T6 bar at 130° and 175°C, 
since the basic elevated temperature data required for 
extrapolation was either insufficient or inconsistent. In 
the case of X.2020-T6 sheet, no basic elevated tempera- 
ture tensile test results were available. Extrapolated 
values for the tensile properties of 2024-T6 sheet and bar 
could not be assessed. 

Nevertheless, the probable order of merit as regards 
the tensile strength of the materials in the form of sheet 
and forged or extruded bar at 130° and 175°C, after 
soaking for 30,000 hours, has been estimated as shown 
in Table VI. There is ample justification, therefore, for 
the inclusion of X.2020, Hiduminium R.R.58 and 
possibly, Hiduminium 72 in an artificially aged condition, 
in any feasibility study for a civilian transport aircraft 
designed to fly at a Mach number of 2-2 (130°C). In 
summary, X.2020 is the outstanding material at 130°C, 
and Hiduminium R.R.58 is the strongest alloy at 175°C. 


7. Aluminium Alloys for Unmanned 
Vehicles 


It is appropriate also to consider briefly the relative 
merits of aluminium alloys for structural use in un- 
manned vehicles or defensive guided missiles, travelling 
at supersonic speeds. In this case, both the rate of heating 
and the rate at which the load is applied are much greater 
than in supersonic transport aircraft. A few of the alloys 
Previously discussed have been tested in the form of sheet 
and extruded or forged bar under conditions of rates of 


TABLE VI 
TENTATIVE EXTRAPOLATED DATA FOR 30,000 HOURS. TENSILE PROPERTIES AT 130° aND 175°C 
130°C 
O-1%PS. | TS. 01%PS.| TS. 
T/in2 T/in2 T/in2 T/in2 
SHEET SHEET 
X.2020 (Unclad) (25-26) (29-30) || Hiduminium R.R.58 14-2 17:5 
Hiduminium 72—W (20-21) 25°5 Hiduminium 72—-W 
Hiduminium R.R.58 19-8 22-2 X.2020 (Unclad) (11-12) (14-15) 
Hiduminium 66 19-2 23-0 Hiduminium 66 4-8 5-7 
BAR BAR 
X.2020 (25-26) 29-0 Hiduminium R.R.58 13-0 17-6 
Hiduminium R.R.58 | 20-0 25-3 X.2020 (11-12) 14-8 
Hiduminium 72—W | 18-3 25-2 Hiduminium 72—W 9-8 13-5 
Hiduminium 66 | 17-3 23-1 Hiduminium 66 6°8 11-0 


heating and loading relevant to this application. In the 
tests up to 250°C, the time taken to reach the test 
temperature was 30 seconds, and the corresponding time 
to reach the higher temperatures was one minute, before 
the actual soaking times began. The rate of strain for the 
sheet and bar specimens was 1:6 and 3-2 in./in./min., 
respectively. The specification B.S.1094, covering normal 
elevated temperature tensile testing, requires the attain- 
ment of the test temperature in one hour and the usual 
rate of strain is only about 0-1 in./in./min. 

The results presented here are for a half minute and 
10 minute soak at the test temperature. Figs. 12 to 15 
deal with sheet and Figs. 16 to 19 with forged or extruded 
bar. The yield stresses, approximately equivalent to the 
0-2 per cent proof stresses, shown in Figs. 12 and 13, 
demonstrate the stability of clad Hiduminium R.R.58 
(D.T.D.5070) sheet above about 200°C for both the half 
minute and 10 minute soak. It only becomes slightly 
inferior to unclad Hiduminium 100 sheet at about 325°C. 
The rapid decline in the yield stress of Hiduminium 66 
(L.73) after 10 minutes soak, compared with half minute, 
is a feature of these results. The effect of the precipi- 
tation ageing on the yield stress of clad Hiduminium 
72-W is indicated by the peak after 10 minutes soak at 
250°C. The tensile strengths of the sheets after half 
minute soak, Fig. 14, lie in a narrow band up to about 
290°C, when there is a cross-over and Hiduminium R.R.58 
shows the highest strength. There are wider differences 
in the tensile strengths at 10 minutes soak, Fig. 15, but 
again Hiduminium R.R.58 is strongest between 270° and 
340°C, where it begins to be superseded by Hiduminium 
100. 

With regard to forged or extruded bar, the mainten- 
ance ofa high yield stress by Hiduminium R.R.58 (D.T.D. 
731) over the whole range of temperatures tested, with a 
half minute soak, is shown in Fig. 16. At 10 minutes soak, 
Fig. 17, the same alloy possesses a relatively high yield 
stress up to about 325°C, at which temperature Hidu- 
minium 100 becomes superior. 

It is interesting to show the effect of the high rate of 
loading at the lower temperatures and the combined 
effect of this and the rapid rate of heating at the higher 
temperatures in increasing the tensile properties of 
aluminium alloys. This is demonstrated by the additional 
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curves in Figs. 16 and 18 showing the corresponding 
yield stress (0-2 per cent proof stress) and tensile strength, 
respectively, of forged Hiduminium R.R.58, tested in 
accordance with B.S.S.1094, after one hour soak at the 
test temperatures. 

Figure 18 also indicates that the superiority of 
extruded Hiduminium 72-W, at half minute soak at the 
lower temperatures, is lost at about 250°C, when the 
greater stability of Hiduminium R.R.58 takes over. A 
similar effect is shown at 10 minutes, Fig. 19, but in this 
case the tensile strength of extruded Hiduminium 100 
becomes slightly better than Hiduminium R.R.58 at 
about 330°C. 3 

The results of this series of tests may be summarised 
by stating that there are aluminium alloys available for 
use in guided missile applications where the saturation 
temperatures are equivalent to speeds of about a Mach 
number of 4. 


8. Concluding Remarks 

The object of this paper has been to discuss the 
appropriate mechanical properties of current and newly 
developed aluminium alloys and to present the most 
up-to-date design data relevant to those structural alloys 
which are practicable for use in a civilian transport 
aircraft designed to fly at the supersonic speeds at which 
it is feasible to consider the use of aluminium alloys. 

It is recognised that a very large mass of data remains 
to be determined and the required testing time will take 
three to four years. It is imperative, therefore, that 
formulae and methods for extrapolation of these prop- 
erties should be investigated and checked for their 
reliability, because this will be the only means whereby it 
will be possible to cut down the very high cost of alloy 
development programmes of evaluation for this particular 
application. 

Data has been presented which demonstrates the 
relative merits of the existing airframe structural alloys 
and some of those under active development for transport 
aircraft flying at speeds up to about a Mach number of 
2-7. In addition, the appropriate specific properties of 
a selected range of alloys suitable for use in guided 
missile applications, where the saturation temperatures 
are up to about 400°C, have also been discussed. 

Several important properties of the materials have 
not been dealt with, but it can be mentioned that the 
resistance to stress corrosion cracking of X.2020-T6 is 
about equal to 2024-T6, which is of the same order of 
resistance as Hiduminium R.R.58. There is some doubt 
about the crack propagation characteristics of X.2020 


which will have to be elucidated. With regard to for, 
ability of the sheet alloys, the minimum bend radiys jy 
180° bend is between 41 and 61 for X.2020-T6, ang 
for Hiduminium R.R.58. 

We are anxious and willing to help in solving i), 
interesting and topical problems encountered in Super. 
sonic flight, but we need the co-operation and guidane 
of the Aircraft Industry so that we can be assured thy 
any new products which may be developed will represep, 
a significant improvement over the alloys alread 
available. 
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P 


of International Civil Aviation’ 


and Prospects for the Supersonic Future 


by 


D. G. ANDERSON, C.B.E. 


|. Introduction 

As a native South Australian, I feel particularly 
honoured to have been asked by the Adelaide Branch of 
the Royal Aeronautical Society to deliver this second 
lecture in the Memorial Series commemorating the 
historic flight of the Smith Brothers from the United 
Kingdom to Australia. Just a few months ago—on 10th 
December, 1959—we celebrated the fortieth anniversary 
of the epic arrival of the Vickers Vimy at Darwin. One 
thing emerges clearly from our aviation record in the 
succeeding forty years, and it is simply that no single 
event has had such a profound effect on that record as 
the remarkable, trail-blazing flight of the Smith Brothers. 
If we came of age as a nation on the cold dawn beaches of 
Gallipoli on 25th April, 1915, then just as surely we won 
our wings as a nation on that hot summer afternoon of 
10th December, 1919, when the Vickers Vimy touched 
down at Fanny Bay aerodrome, Darwin. We have, I 
think, continued to wear those wings with considerable 
distinction ever since. 

Just what the Smith Brothers started can be appre- 
ciated from the following brief analysis of our position 
in world aviation. Our international flag carrier, Qantas, 
(born appropriately enough out of the inspiration given 
to its founder, Hudson Fysh, by the survey he did of the 
North Australian leg of the route for the air race) now 
operates a “round the world” service to five continents 
and twenty-eight countries and is equipped with a 
modern jet fleet costing more than £40 million. In 1959 
Australian airlines carried two and a half million 
passengers and were second in the world only to the 
U.S.A. in terms of ton miles performed per head of 
population. Our internal airlines operate an almost 
exclusively jet-propelled fleet providing a first class 
standard of service to the airline passenger. Our safety 
record is a proud one in that we have carried, since 1953, 
more than 14 million passengers without a single fatality. 
Australian airlines regularly achieve one of the highest 
annual utilisation rates in the world and our airways 
system—air traffic control, communications and radio 
navigational aids—provides a nation-wide safety cover- 
age to all our flying operations. It is also significant that 
our air crews and aviation technicians are one of the most 
sought after groups in international aviation. In short, 
we occupy a proud and respected position as one of the 
world’s leading aviation countries. 


*The Second Sir Ross and Sir Keith Smith Memorial Lecture, 
delivered to the Adelaide Branch, Australian Division, on 22nd 
April, 1960. 
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(Director-General of Civil Aviation, Australia) 


2. Our Pioneers 

Our national keenness for aviation and our undoubted 
aptitude for it as a vocation, grew in the first place, I am 
sure, out of the inspiration given to our youth by the 
memorable feats of the greatest band of air pioneers it 
has ever been the honour of any one nation to claim 
as its sons—men such as Lawrence Hargrave, Ross and 
Keith Smith, Charles Kingsford Smith, Bert Hinkler, 
Charles Ulm, Gordon Taylor, Sir Hubert Wilkins, 
Scotty Allan, Harold Gatty and Harry Hawker. Wonder- 
ful names, each conjuring up vivid memories of 
the many brave, pioneering deeds performed by man in 
his conquest of the air. It is fitting that we remember 
them all on an occasion like this. But it is especially 
fitting that we, as South Australians, remember in 
particular the two young airmen from this State, and 
their equally competent crewmen, Bennett and Shiers, 
who forty years ago last December established a vital 
new communication link with our kinsfolk in the United 
Kingdom. It is of special significance that the route along 
which they flew—now known as the Kangaroo route— 
has provided the main impetus to our international 
aviation development for more than thirty years. This is 
the route on which we have seen our own flag carrier, 
Qantas, grow from a small bush airline into one of the 
world’s great air carriers. 

Before I proceed further, I think I should mention the 
fact, not widely known, that another distinguished South 
Australian played an important role in the organisation 
of the route for the 1919 air race. He was Colonel 
Richard Williams, D.S.O., O.B.E., later Sir Richard 
Williams, K.B.E., C.B., D.S.O., Chief of Staff, Royal 
Australian Air Force, and subsequently, from 1946-1956, 
Director-General of Civil Aviation. Williams was a 
wonderful airman himself and no doubt would dearly 
have loved to participate in the race. However, it was 
his job as Australia’s senior serving airman in the United 
Kingdom to interview the contestants and give them such 
help and advice as he could. He became very concerned 
when he found that many of them intended to fly off 
into the blue beyond without any idea of the need for 
aerodromes and refuelling facilities and also of the need 
to obtain transit approval from Government authorities 
in countries along their intended routes. He got the 
approval of the Australian Prime Minister, Mr. William 
Hughes, then in Paris for the Peace Conference, for the 
start of the race to be deferred while he planned a 
route to be followed by all the contestants, arranged for 
fuel supplies at en route aerodromes and obtained the 
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necessary transit approvals. There is no doubt that Radio was not carried because it weighed 100 |b...) airmat 
Williams’ meticulous attention to these basic safety severe weight penalty—and there was after al] | fight 
details, to be skilfully applied on a much larger scale organised network of ground stations with which parall 
nearly 30 years later in his role as Director-General of communicate. No weather forecasts were availa) | most | 
Civil Aviation, played an important part in the successful nor were there any means of communicating weath | throus 
outcome of this air race, which might easily have other- advices to the crew in flight. make 
wise developed into an aviation debacle of the worst sort. At the navigation station of the Boeing (situated gs | memo 


I think it is fitting, therefore, that I am able to 
announce tonight that the Minister of Civil Aviation, 
Senator Shane Paltridge, has been pleased to consent to 

“* main avenue at Adelaide airport being named 

‘‘Jilliams’ Avenue.” This avenue leads directly to the 
magnificent memorial erected to the Smith Brothers by 
public spirited citizens of this State. It seems appropriate 
to me that these three distinguished South Australians— 
the Smiths and Williams—who were fellow airmen 
in the First World War and later collaborated in the 
successful preparations for this flight, should be 
associated so closely in these commemorative arrange- 
ments at the principal airport of their home State. 

I want now to pay a tribute to the tremendous feat of 
airmanship performed by the Smith Brothers and their 
crew in bringing an aircraft like the Vickers Vimy safely 
across 12,000 miles of the world’s surface to Australia. 
The simplest way I can do this is to compare their flight— 
the aircraft and its equipment, the aerodromes and 
ground facilities used—with a typical scheduled flight 
by one of Qantas’ Boeing 707 jets along the same route 
40 years later. The Vickers Vimy, a magnificent aircraft 
in its day and powered by engines bearing the proudest 
name in world aviation, Rolls-Royce, was nevertheless, 
by today’s standards, a fragile and elementary piece of 
flight equipment. It weighed in the all-up configuration 
13,000 Ib., compared with the 250,000 lb. of a Boeing. 
It carried a mere 868 gallons of fuel compared with the 
14,500 gallons carried by the Boeing. In fact its all-up 
weight was about one tenth of the weight of the fuel 
carried in the Boeing. The horsepower of the Vimy’s 
engines totalled a mere 720, compared with an equivalent 
of 20,000 developed on take-off by a Boeing. Its cruising 
speed of about 80 m.p.h. gave it a perilously small 
twenty miles per hour margin over its stalling speed. 
The aircraft thus provided a constant challenge to the 
manipulative skill and physical endurance of its crew, 
especially as it had to fly, unlike the pressurised Boeing 
of today, through the lower levels of the earth’s atmos- 
phere where turbulence and bad weather are most 
prevalent. The Boeing’s speed of 550 m.p.h. is, of 
course, so high that in cruising conditions it is no longer 
measured in miles per hour but as a percentage of the 
speed of sound—a typical cruising Mach number of 0-8 
represents 80 per cent of the speed of sound. The Vimy 
had a maximum range of about 1,100 miles while the 
Boeing’s range exceeds 4,000 miles. 

So much for the aircraft. Now let us look at the 
navigation and radio equipment used by both. The 
Vickers Vimy had an air speed indicator, an altimeter, 
compass and a drift and ground speed meter and the 
crew had available only sketchy maps of the route to be 
flown. Consideration had been given to carrying a 
sextant but it was felt that it would be of little use at the 
speed at which the aircraft would be flying, i.e. 80 m.p.h. 


is in a pressurised, comfortable cabin compared with th, 
open cockpit of the Vimy) the navigation officer has ;} 3, 
multiplicity of aids to assist his basic dead reckoning 
navigation. He has radar and pressure altimeter} | 
gyrosyn compasses stabilised to reduce turning an 
acceleration errors; a long range radio navigational aij 
called Loran and a short distance aid called VOR to giv. 
him precise and continuous indications of the aircraft 
position; weather warning radar for use in detecting ani : 
avoiding bad weather; and last but not least, a periscopie 
sextant with which a navigator can accurately fix his 
position even at the high speed at which the Boeing js| ; 
moving over the ground, i.e. about 550 m.p.h. 
The pilot of the Boeing has aids like the instrument 
landing system, omni-directional radio ranges and 
beacons, radar distance-measuring equipment and 
ground-controlled approach radar. All of these con- 


tribute greatly to the most critical phase of airline} T| 
operations, namely safe arrival and landing. He can also | Com: 


maintain continuous radio communication on very high 


frequency circuits with a network of air traffic control | the U 


stations. These provide constant safety surveillance 


along the whole route. Before flight the Boeing crew is | by th 
provided with a comprehensive weather forecast, which} T 
is amended by radio in flight to provide warnings of | devel 


unexpected weather deteriorations. 

It will be appreciated from all this that the Smiths 
were faced with a herculean navigational task. Their 
principal equipment was, in fact, their own manipulative 
skill and courage. But their difficulties were not confined | 
to the hazards of navigation and weather. They had to 
use, as aerodromes, racecourses and any other reasonably 
open spaces which looked safe for landing purposes. 
Prepared aerodromes were practically non-existent 
and the Vimy was bogged on many occasions. At Pisa in 
Italy Bennett had to hold the tail down in the early stages 
of take-off and then clamber aboard as the aircraft 


gathered speed. At other places the airmen had to enlist | /~ 
local help, including on one occasion the inhabitants of a ° 


local goal, to construct suitable runways for take-off. 
By comparison the Boeing today operates off concrete 
or hard paved runways more than a mile long, each 
costing millions of pounds, and each equipped with every 
modern lighting device for night operations. Refuelling 
of the Vimy was accomplished from four gallon tins 
which had to be lifted six feet to the tank by hand and 
then emptied into it through a strainer fitted to a large 
funnel. By comparison, fuel is pumped into the Boeing 
under pressure from a hydrant refuelling system at the 
rate of 1,200 gallons a minute. 
These comparisons, apart from giving an insight 
into the technical progress of modern aviation, also give 
the most vivid impression of the hazards faced by the 
Smith Brothers and of the almost complete lack of F 
equipment with which they faced those hazards. The 
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Ib~| airmanship they displayed in bringing their 12,000 mile 
all yo} flight to a successful conclusion As probably without 
lich jp) parallel in the history of powered flight, and it is, I think, 
ailabj. | most appropriate that the Royal Aeronautical Society, 
yeathe through its Adelaide Branch, should have decided to 
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make provision for its perpetual recognition in this 
memorial lecture series. 


3, Development of Australian International 
Services—1919 to 1959 

I said earlier that it was on the United Kingdom- 
Australia or Kangaroo route pioneered by the Smiths 
that Qantas won its own wings as an international 
carrier. Hesitantly at first, but with the friendly and 
paternal support of its larger U.K. partner, Imperial 
Airways, Qantas carried international mail as far as 
Darwin in 1931. Then in 1935, its confidence boosted 
by its new fleet of D.H.86s, Qantas made its first entry 
into regular international air service operation by 
carrying the mail to Singapore. Later passengers were 
carried, the late Lady Mountbatten being one of the first 
redoubtable few. The journey from London to Australia 
took 14 days and could involve dozens of stops, several 
changes of aircraft and two train journeys. 

The year 1934 was an especially significant one in 
Commonwealth aviation for it was in that year that 
Qantas entered into a Kangaroo route partnership with 
the United Kingdom’s flag carrier which has lasted to the 
present day and which has recently been strengthened 
by the inclusion of Air India International. 

The year 1938 saw another important Commonwealth 
development—the introduction of the Empire Air Mail 
Scheme, under which all first class mail was to be 
carried between Australia and the United Kingdom by 
air at cheap rates, i.e. 14d. Qantas acquired a new fleet 
of Short Empire Flying Boats to play its part in the 
scheme. These aircraft brought entirely new standards 
of comfort to the passenger (for which many of the old 
hands still have a certain nostalgia) and reduced flying 
time to nine days. With this new equipment Qantas 
took another step forward and in 1939 extended its 
service from Singapore to junction with its U.K. partner 
at Karachi. 


/ 
4 
eeeeee ROSS SMITH 
—— QANTAS 707 
) 
FicurE 1. Comparison of Smith Brothers’ flight time with that of a Qantas 


Boeing 707 today. 


War disrupted the operation of the route through 
Singapore in 1942, but Australian ingenuity was not to 
be denied, and Catalina Flying Boats were used in 1943 
to make the 3,500 miles crossing from Perth to Colombo 
and so keep the Kangaroo route a going concern when 
it was most needed. Two more well tried but specially 
modified wartime aircraft, the Lancastrian and Liberator, 
joined the Qantas fleet, and by 1945 the scheduled time 
for the London-Sydney route had been reduced by the 
Lancastrians to 58 hours. 

In 1947 Qantas acquired a fleet of Lockheed 
Constellations and with these aircraft, in December 1947, 
it finally provided a regular service right through to 
London. It had taken exactly 28 years for an Australian 
airline to establish a regular air service along the route 
flown by the Smith Brothers. 

In 1954, 16 Super Constellations joined the Qantas 
fleet, thus enabling the frequency of operation on the 
London-Sydney route to be substantially increased and 
the scheduled flight time to be reduced to 48 hours. 

In 1959, Qantas took delivery of its Boeing jets and 
the distance from London to Sydney, via the Kangaroo 
route, could now be covered in a mere 32 hours. In fact, 
London to Darwin was reduced to a regular schedule 
of about 28 hours—the equivalent in days it took 
the Smith Brothers to cover the same route (see Fig. 1). 

In 1959, the fortieth anniversary year of the Smith 
Brothers’ flight, Qantas carried more than 40,000 
passengers along the London-Sydney air route. Together 
with its partner, B.O.A.C., it put into operation Boeing 
and Comet jets and provided better than a daily service. 
For the first time it became possible to post a letter to 
London at the beginning of the week and get a reply back 
in the same week. New connecting services to Brisbane, 
Melbourne and Perth gave the citizens of these capitals 
direct access to the main trunk route—London-Sydney. 
Special freighter aircraft inaugurated an express air 
freight service to and from London. Revenue earned by 
Qantas on the route amounted to £13 million, of which 
£4 million was directly attributable to mail carriage. 
The route has in fact become one of the great arterial 
highways of world aviation. To Australians, new and 
old, its significance as a connecting link with kinsfolk 

half a world away was surely no less than 

the importance of the sea links pioneered by 

the great sea voyagers to the Far East and 

the New World in the fifteenth to seventeenth 

centuries. Certainly to us in Australia Ross 

and Keith Smith were also discoverers, whose 

adventurous twentieth century journey 

brought untold new benefits to our civilisa- 

tion. Their faith, as expressed in Ross 

Smith’s own words, that “a flying machine, 

properly equipped and attended is capable of 

flying anywhere,” certainly struck an appro- 
priate keynote for this air-minded century. 

The epic flight of the Smith Brothers was 

shortly to be followed by other memorable 

\s aeroplane flights by Australian pioneer air- 

men. Some famous firsts were Kingsford 

Smith and Ulm’s crossing of the Pacific 
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FiGuRE 2. Pioneer flights by Australians. 


Ocean from Oakland (California) to Brisbane in May after the “Old Bus” which had chugged its way to 
1928, and their crossing of the Tasman Sea from Sydney immortality along the same route 26 years earlier. 
to Christchurch in the same year; Hinkler’s west to east The next of the pioneer Australian routes to be 
crossing of the South Atlantic Ocean from New York via developed was the Indian Ocean route to South Africa. 
Jamaica, Brazil, Africa and Europe to London in Captain Lew Ambrose of Qantas, following so ably in 
October 1931; P. G. Taylor’s crossing of the Indian the steps of P. G. Taylor, surveyed the route in 1948 and 
Ocean from Port Hedland via the Cocos Islands to recommended the development of an airstrip at the 
Africa in June 1939, and his subsequent crossing of the Cocos Islands, which a Royal Australian Air Force} . 
South Pacific from Sydney to Chile in March 1951. works squadron, in keeping with its fine wartime 
A quick glance at these flights on a map (Fig. 2) will tradition, constructed in the record time of nine months. 
show that all the major oceans of the world, with the Qantas began its regular service on the route in 1952 and 
exception of the Atlantic, were first crossed by Australians. was joined in 1957 by a new Commonwealth partner, 
How sad it is in retrospect that another gallant South African Airways. 
Australian airman, Harry Hawker, failed so narrowly Our Anzac partner, New Zealand, with a keen 
and unluckily in his attempt to make the North Atlantic appreciation of its need for fast air communications to 
Ocean the first of our firsts. counter the extreme isolation of its geographical position, 
In the same way that the London-Australia flight of had not been idle in the meanwhile. As early as 1940 
the Smith Brothers pointed the way to the development it inaugurated, in association with Australia and the 
of our international flag carrier in the years up to the United Kingdom, regular trans-Tasman services along 
Second World War, the routes established by their the route pioneered by Kingsford Smith and Ulm. 
successors pointed the way in the post-war years. The Today New Zealand’s international airline, T.E.A.L., 
Pacific which had seen the establishment of a military air- operated on a joint ownership basis with Australia, 
lift of vast dimensions during the war, first attracted carries more than 50,000 passengers annually across the 
attention. In collaboration with the United Kingdom and Tasman, and has the proud record of having provided 
New Zealand, Australia helped establish the Sydney- twenty years of safe and unbroken service. It has 
based airline, British Commonwealth Pacific Airlines, certainly become an important part of the overall 
which in April 1948, began regular air services to the Commonwealth airline system. 
U.S.A. These services had been operated from September The development of regular Qantas services to the 
1946 by one of Australia’s pioneer airlines, Australian Far East and Japan arose from the need to provide 
National Airways, under charter to B.C.P.A. Their logistic support to our troops in the area. Operated at 
exemplary record of efficiency on the route certainly first in 1947 under charter to the Royal Australian Ait 
helped get B.C.P.A. off to a flying start. In 1954, by the Force, it is now a regular airline service providing links 
mutual consent of the partner Governments, Qantas with Hong Kong, Manila, and Tokyo at a total frequency 
assumed responsibility for the operation of this route, of four times weekly with Lockheed Electra turbo-prop 


which it very appropriately named “Southern Cross” aircraft. 
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FiGurE 3. The global network of Qantas. 


The “round the world”’ route first flown by Kingsford 
Smith in May 1928 (across the Pacific from Oakland, 
California to Australia), in June of 1929 (along the 
Kangaroo route to London), in June 1930 (across the 
Atlantic from London to New York) and in July of 1930 
(across North America to Oakland, California), was 
finally converted by Qantas into a regular schedule 
service in January 1958. 

The complete Qantas network is shown in Fig. 3 and I 
invite your attention to the remarkable correlation 
between it and the trail-blazing first flights of our pioneers 
as shown in Fig. 2. 

It will be appreciated from what I have said that the 
greatest expansion of the Qantas network has occurred 
in the post-war years. Before the war, and indeed right 
up to 1947, Qantas operated to very few countries, most 
of which were in any case under the sovereignty of our 
air partner, the United Kingdom, so that the grant of 
landing rights was assured. Since 1947, Qantas has 
expanded its services so that they now extend to five 
continents and twenty-eight countries; its route mileage 
has grown from 14,000 to 62,000 miles and its miles 
flown from four million to thirteen million each year. 

Such a network cannot be operated without the 
express approval of other countries in which it is desired 
to put down or pick up airline traffic: in other words, 
there is no such thing as commercial freedom in the air 
as there is on the sea. The reasons for this will be 
explained later, but at this point I should state that it has 
been necessary, since 1946, to negotiate permanent air 
agreements with the following countries: Canada, 
Ceylon, Egypt, West Germany, India, Ireland, Italy, 
Japan, Lebanon, The Federation of Malaya, New 
Zealand, The Netherlands, Pakistan, South Africa, 
Thailand, Turkey, the United Kingdom, and the United 
States of America. In addition, we have temporary 
arrangements with France, Greece, Indonesia, Iran, 
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Iraq, The Philippines, and Saudi Arabia. We hope, at 
some mutally convenient stage to convert the latter 
into permanent arrangements. 

In order to understand clearly the reasons for such 
an extensive series of air agreements, it is necessary to 
review briefly the history of international collaboration 
in the air in the years following the Second World War. 
Air transport made such tremendous strides in the war 
that it was clear to all that it would play a most important 
peace-time role. The U.S.A., which had not been a 
party to the Convention on Aerial Navigation drawn up 
at the 1919 Paris Peace Conference nevertheless took the 
initiative in convening an international aviation con- 
ference of some 52 States at Chicago in 1944. The 
inspiration for the conference came from that great 
American President, Franklin D. Roosevelt, and he has 
been freely credited with the drafting of the Preamble to 
the Convention on International Civil Aviation which 
resulted from that Conference. It is not surprising, 
therefore, to find in this preamble a succinct but moving 
expression of the ideals which we would all like to see 
achieved in international aviation. I can do no better 
than quote it to you: 


“Whereas the future development of international 
civil aviation can greatly help to create and preserve 
friendship and understanding among the nations and 
peoples of the world, yet its abuse can become a 
threat to the general security; and 

Whereas it is desirable to avoid friction and to promote 
that co-operation between nations and peoples upon 
which the peace of the world depends; 

Therefore the undersigned governments having 
agreed on certain principles and arrangements in 
order that international civil aviation may be 
developed in a safe and orderly manner and that 
international air transport services may be established 
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Ficure 4. The first freedom. The right of an aircraft of one 
State to fly across the territory of another State without landing, 
e.g. a US. aircraft flying across Australia. 


on the basis of equality of opportunity and operated 
soundly and economically: 

Have accordingly concluded this Convention to 
that end.” 


The Convention, which has now been ratified by no 
less than 74 nations (with Russia a significant abstainer) 
resulted in the formation of the International Civil 
Aviation Organisation (I.C.A.O.). Australia has been a 
member of the Governing Council of the Organisation of 
21 representative States since its establishment in 1947. 
On the last two occasions Australia was elected to the 
Council in the first ballot as being among the States of 
“chief importance” to world civil aviation—a significant 
achievement for a country with such a small population 
as ours, but one which is not surprising in view of the 
volume of our air transport activity. 

I.C.A.0., a specialised agency of the United Nations, 
has been particularly successful in establishing world 
standards covering most technical and operational 
aspects of civil aviation. Altogether fifteen annexes have 
been adopted to the Convention. These cover: 


Personnel Licensing; 

Rules of the Air; 

Meteorology; 

Aeronautical Charts; 

Dimensional Units to be used in Air/Ground 
Communications; 

Operation of Aircraft; 

Aircraft Nationality and Registration Marks; 

Airworthiness of Aircraft; 

Facilitation; 

Aeronautical Telecommunications; 

Air Traffic Services—Air Traffic Control Service— 
Flight Information Service—Alerting Service; 

Search and Rescue; 

Aircraft Accident Inquiry; 

Aerodromes; and 

Aeronautical Information Service. 


It will be seen from this imposing list that standards 
have been established which provide for completely 
uniform treatment of every international aircraft which 
flies in the free world today. It is a matter for some pride 
that Australian experts from my Department of Civil 
Aviation have played a major role in the drafting of these 


standards, having attended in all some 100 technic 
meetings in various parts of the world for this purpose. 
I.C.A.0.’s role has not, of course, been restricteg t 
the mere drafting of technical standards. It has divide; 
the world into eight air navigation regions and conyeng; 
regular conferences in each to draft plans for air pay, 
gation facilities—aerodromes, communications, 
traffic control and so on. Permanent I.C.A.O. repre. 
sentatives in these regions maintain a constant wag 
over progress in implementing regional plans. From th 
Australian viewpoint, it is important to record also th. 
assistance in the way of “technical know-how” we hay: 
provided under the Colombo Plan and other aid py 
grammes to our Asian neighbours. We have done thi 
through the provision of training courses in Austral 
and the secondment of experts to their countries, Oy 
recognised position in world aviation has made oy 
experts acceptable everywhere, and this in itself ha. 
I think, made an important contribution to our politica) 
desire to maintain friendly relations with our neighbours 
The remarkable technical success of I.C.A.O. has no} 
been matched in the economic field. At the 1944 Chicagy 
Conference the United States of America took the lead ip 
trying to get the States assembled there to agree to a free 
exchange of traffic rights. This was to be achieved on 
the basis of the five freedoms of the air, which are bes 
explained by reference to Figs. 4, 5, 6 and 7. 
It is important, before proceeding further, to note 
that as early as 1919 (in the Paris Convention on Aerial 
Navigation) the 33 Member States (including Australia) 
clearly established the doctrine of “sovereignty of the 
air space,” in contrast with the doctrine of “freedom of 
the seas”. Very significantly the first Article of the 1944 
Chicago Convention on International Civil Aviation 
clearly reaffirmed this principle in these terms:— “The 
contracting States recognise that every State has con- 
plete and exclusive sovereignty over the airspace above 
its Territory.” I shall not at this point engage in the 
interesting but not very relevant field of speculation as 
to whether or not space missiles are at this moment 
violating the sovereignty of our air space. I wish merely 
to note that this sovereignty clause (whatever its advan- 
tages) has been the root cause of the intensive inter- 
national bargaining for traffic rights which has character- 
ised civil aviation for the past forty years. 


FicurE 5. The second freedom. The right of an aircraft of 
one State to land in the territory of another State for non-traffic 
purposes, e.g. refuelling and maintenance. 
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much long haul traffic of their own, could clearly have 


echnic, 
Pose. prevented the subsequent growth of Qantas into a world 
icted i air carrier. The judgment of history must then be that a 
divide, < multilateral exchange of traffic freedoms, no matter how 
mvene4 fine an ideal it may have been, was clearly inconsistent 
ir nay with our best aviation interests in 1944 and our repre- 
8, air sentatives at Chicago acted prudently in rejecting it. 
repre: S Two years after Chicago, representatives of the 
- Wate) U.S.A. and the U.K. met at Bermuda in an endeavour 
om th: to reconcile their difference of view on the third, fourth 
Iso th: igure 6. The right and fifth freedoms. As one might well have expected, 
e have) of an Australian air- these leaders of the aviation world reached a com- 
d pro} craft to put down in promise decision, which in its modified form has come 
Ne thi] India traffic origina- to be known as the “Bermuda Type Air Transport 
strali Agreement”. Under this the two parties to a bilateral 
«Ow Gaede) The right of an Australian agreement regulate their frequency of operation to 
le ow} aircraft to pick up in India traffic provide primarily for the carriage of third and fourth 
ff has} destined for Australia. (Fourth freedom wi freedom traffic. If this is done, then either may have free 
itical for Australia.) access to fifth freedom traffic on a “‘fill up” basis. The 
bours onus is on the parties to discipline their own provision 
as no} At Chicago it became clear very early in the con- of aircraft capacity in accordance with the principles 
ricago| ference that no particular difficulty would be en- established, but either may request an ex post facto 
ead i} countered in reaching agreement about an exchange of review if it believes the “Bermuda” principles have been 
a fre} the first two freedoms—transit and landing for non- violated. 
ed on| traffic purposes. Accordingly, Article 5 of the Chicago The post-war policy of Australia in dealing with other 
» bet | Convention and the complementary International Air countries on this traffic rights question remained for 
Services Transit Agreement were drafted and have since more than a decade predominantly protectionist—and 
note} been ratified by sufficient States to ensure their per- thus in line with the “Commonwealth” principles 
\erial| manent inclusion in international air law. espoused at Chicago in 1944. However, political 
ralig)} | However, on the exchange of the last three freedoms developments of the 1950s which threatened the security 
f the| (ie. the traffic freedoms), a fundamental difference of of our Middle East route to the United Kingdom, 
m of| opinion quickly developed between the two major together with the growth of Qantas into a world carrier 
1944| aviation States—the U.S.A. and the United Kingdom. able to withstand fair and reasonable competition from 
tion | The U.S.A. espoused the cause of complete freedom. any foreign carrier, caused a shift of policy to the 
‘The | Its critics said that it was in the best position to do so Bermuda type agreement. We now stand prepared to 
om- | because of its wartime production of transport aircraft negotiate an agreement of this type with other aviation 
bove | and the experience it had gained in its operation of countries. I am certain that the resulting moderation 
the | global air networks for military purposes. The United in our negotiating attitude has been in our best political 
nas | Kingdom, which had concentrated on fighter and interests. It has won us many more friends than would 
nent | bomber aircraft to the extent that its air transport have otherwise been the case and has had only beneficial 
rely | Services were practically non-existent, felt that it needed a effects for our international flag carrier, Qantas. 
van- | Period in which to build up its civil aviation services. A recent example of the latter is the 1957 negotiation 
ter- | [twas prepared to exchange freely the first four freedoms with the United States. Here we were dealing with a 
ter- | but believed that bilateral negotiations were necessary country which had been the original exponent of the 


to provide for the exchange of fifth freedom traffic. 
It wanted to regulate participation in fifth freedom 
traffic by predetermining the frequency and _ aircraft 
capacity offered so that it bore a proper relationship 
to each country’s “end to end” traffic. The Common- 


to be universally accepted. 
It is interesting to speculate what the effects of a free 
exchange of freedoms might have had upon the develop- 


principles of freedom of the air and which stood ready 


wealth countries, including Australia, supported this 
view and as a result the “multilateral” or “freedom of the “SS ~ 
air” principle did not find sufficient subsequent support it" *e 


ment of Qantas, remembering in particular that its major 
growth occurred after Chicago. Qantas owes its com- 
mercial existence to the large volume of long haul third 
and fourth freedom traffic which flows between the 
United Kingdom and Australia. Unrestricted com- 
fic Petition on this route in the post-war years by large 

foreign carriers, few of which would have originated 


FiGuRE 7. The fifth free- 

dom. The right of an 

Australian aircraft to pick 

up or set down in the terri- 

tory of another State, e.g. 

India, traffic having neither its origin nor 
destination Australia. 
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in 1957 to apply fairly and without prejudice the com- 
promise principles of Bermuda. We were able to show 
from statistical records that political disturbances on the 
Kangaroo route, combined with a growing appreciation 
of the attractiveness of the New World as a transit 
country, had caused more than 7,000 passengers a year 
to travel to Europe through North America. Under 
our 1946 U.S.A.-Australia bilateral agreement our 
airline was able to carry this traffic only as far as San 
Francisco. Since it was Australian third and fourth 
freedom traffic destined to or coming from Europe we 
had, under the Bermuda principles, a right to carry this 
traffic along the route which it wished to follow, which 
happened to be through San Francisco and New York. 
In addition, we had an unquestioned right under 
Bermuda to carry on our “third and fourth freedom” 
frequency pattern fifth freedom traffic from the U.S.A. 

The rights granted to Qantas in this negotiation made 
it the first carrier to be able to operate a round-the-world 
service transitting the U.S.A. In return, of course, we 
gave the U.S.A. comprehensive rights on all major 
routes to and from Australia. When it inaugurated its 
global service in 1958 Qantas registered another historic 
first for Australian aviation. 

The history of Qantas in the past decade is that of a 
small carrier which has evolved into a round-the-world 
operator with jet aircraft. It has recently been given 
Government approval to increase its Boeing jet fleet 
from 7 to 10, and to modify these aircraft by the instal- 
lation of more powerful turbo-fan engines, which will 
make the aircraft fly as close to the speed of sound as is 
technically possible. It has a solid background of air 
transport agreements involving the exchange of all 
freedoms with 28 different countries and their depen- 
dencies. In addition, it has pooling or partnership 
arrangements with the United Kingdom, India, South 
Africa and New Zealand. This can be said to provide a 
sound background for the continued development of the 
airline in the subsonic age. I shall deal later with 
what the picture might be in the supersonic age. 

At this point I should mention the significance of 
these pooling arrangements. Qantas first entered into a 
pool on the Kangaroo route with the United Kingdom 
carrier in 1934 and, as I said before, it now has pooling 
arrangements with India and South Africa, as well as a 
joint operating arrangement with New Zealand. I think 
it can be fairly said that the Commonwealth countries 
have led the way in this field. Now that other countries 
are entering the jet age they have quickly come to 
appreciate the economic advantages of such arrangements. 
In Europe, the airlines of France, Italy, West Germany 
and Belgium have joined in a consortium known as “Air 
Union”; the airlines of Sweden, Norway and Denmark 
operate as a single airline system, Scandinavian Airlines, 
and have jet aircraft interchange arrangements with 
Switzerland’s carrier, Swissair; several South American 
States have pooling arrangements in mind and in the 
United States there are many examples of equipment 
interchanges designed to spread the economic burden of 
providing facilities for air services. 

These pooling or other co-operative arrangements 
will, I am sure, tend to become a recognised part of the 


pattern of world aviation as it gets further into the 
expensive age of the subsonic and supersonic jet, |; , 
therefore worth noting that our Australian represe, 
tatives at the Chicago Conference of 1944 showed go», 
siderable prescience in initiating the draft of Article > 
of the Convention which reads as follows: “Nothing jn 
this Convention shall prevent two or more Contractigy 
States from constituting joint transport operatig) 
organisations or international operating agencies ay 
from pooling their air services on any routes or in ay 
regions, but such organisations or agencies and sy) 
pooled services shall be subject to all the provisions oj 
this Convention, including those relating to the registry 
tion of agreements with the Council.” I should add thy 
in entering into pooling arrangements, Australia) 
policy has been to preserve absolutely the identity of 
airline, its freedom to choose its own equipment and thy 
complete sovereignty of Australia in the field of aj 
traffic rights. 


4. The Prospect 

Having traversed the past now let us turn to th 
future. The question as to who will lead the world ip 
international civil aviation in the next decade or s0 lie 
in the simple answer to another question: ‘Which wil 
be the first country to produce a commercial aircrafi 
capable of flying at a speed at least three times the speei 
of sound, i.e. about 2,000 miles per hour?” Three 
countries—the U.S.A., the United Kingdom, an¢ 
Russia—have an interest in this project and there alread) 
is enough research data available from the first two tc 
indicate that a supersonic aircraft is a practical propos 
tion. It can be built without the need for any major 
technological break-through. (Supersonic military air- 
craft in the U.S.A. alone are already estimated to b 
flying more than 1,000 hours a day.) One famow 
American designer (Hall Hibbard of Lockheed") say 
“design studies and testing to date indicate adequal: 
solutions to all major technical problems, making 
possible an operational supersonic transport as early a 
1965. Further economic studies show attractive com- 
petitive seat mile costs, excellent returns on investments 
and the potential for ample financing of airline purchases’ 
Another authority says that supersonic aircraft ar 
“feasible, desirable and possibly even inevitable”. 

Before I deal with the problem and the likely winnet 
of this race into the supersonic age, let me say a fev 
words summarising the consensus of expert opinion of 
the probable shape, size, speed, range and operatin{ 
characteristics of this aircraft. It will look something like 
the sketch shown in Fig. 8. Here are some interesting 
facts about the aircraft :— 


1. For aerodynamic reasons it will have a long 
slender fuselage with a fineness ratio of not less than !* 
to 1, i.e. its length will be at least 15 times its maximum 
diameter. It also will have swept or delta wings. 

2. Its speed will not substantially exceed Mach 3— 
i.e. about 2,000 m.p.h.—principally because of the lack 0! 
a developed engine capable of propelling it any faster and 
also because of the onset of the heat barrier at those 


altitudes at which it will operate. Conventional turbo-ie 
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engines with possible combinations of either after-burner 
or ram-jets will be used. 

3. It may not have windows for the passengers or 
4 normal cockpit canopy for the pilots. These pose 
aerodynamic and structural problems which point to the 
desirability of vision being provided for the pilots and 
passengers by indirect means—e.g. an adaptation of a 
T.V. system. 

4. The aircraft will cruise at 60,000 ft. to 80,000 ft. 
but it will not be able to operate supersonically below 
what has been described as the “civilisation altitude”— 
ie. about 35,000 ft. The reason for this is that an aircraft 
flying above Mach | emits two major shock waves—one 
from the nose, the other from the stern—which traverse 
an area of the ground some miles wide below the aircraft. 
The intensity of these shock waves decreases with height 
but at lower levels could cause structural damage to 
property on the ground or perhaps to other aircraft in 
flight. 

"% At Mach 3 the aircraft will be subject to skin 
temperatures of between 500°F to 600°F. This heating 
would cause a serious loss of strength in a conventional 
light alloy structure so that the aircraft probably will be 
constructed of stainless steel or a combination of stainless 
steel and titanium. 

6. Shaw®) says the power of the engines required to 
propel the aircraft at 60,000 to 80,000 ft. at Mach 3 will 
give it a thrust/weight ratio at take-off about twice as good 
as subsonic jets. This means that it will have a good 
take-off performance (and should therefore be able to 
use existing runways) and that it will climb at a much 
faster rate. This should help with the problem of noise 
in populated areas adjoining aerodromes but will give a 
15° to 25° horizontal tilt to the floor during climb to 
60,000 ft. Passengers may therefore have to be strapped 
in to their seats up to this height or have chairs which 
tilt about a horizontal axis. In any event the hostesses 
who will fly in the aircraft may need some prior experi- 
ence in mountaineering. 

7. At a speed of Mach 3 the supersonic aircraft 
should always outdistance 
the sun on any westbound 
flight. In other words the 2000 
local time of arrival will r 
always be earlier than the f 
local time of departure, e.g. L 
Hibbard and Bailey estimate 1500} 
that if we left London at r 
11 a.m. we would arrive at 
New York at 8.20 a.m., L 
spend say 35 minutes on the 
ground and then depart 
for Los Angeles where we 
would arrive at 7.45 a.m. 
If we accept their estimates 


1000F 
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FiGurE 8. Possible Mach 3 supersonic air liner. 


particular difficulty for a supersonic aircraft to get from 
Sydney to London in less than the time difference of 10 
hours. In other words, there would be nothing to prevent 
the Australian Prime Minister from accepting a Friday 
evening dinner engagement with Mr. Macmillan in 
London yet remain in his office in Canberra until 5 p.m. 
the same day and still arrive in London in plenty of time 
to don a black tie before going to No. 10 Downing 
Street. A Melbourne business man with a 9 a.m. 
appointment in Perth would have to get out of his bed no 
earlier than he would to keep a 9 a.m. appointment in 
the city of Melbourne. (A supersonic aircraft would be 
quite satisfactory on the nearly 2,000 mile flight to Perth 
but not on the short inter-capital city routes.) In essence, 
the speed of this supersonic aircraft should effectively 
reduce the size of the world by one third, even allowing 
for the fact that the subsonic jet reduced it by half in 
1959, Scotty Allan, one of our famous pioneer airmen, 
now responsible, as Deputy General Manager of Qantas, 
for dealing with the problems of subsonic and future 
supersonic aircraft in that organisation, has suggested to 
me this illustration of how increased aircraft speed has 
reduced the dimensions of our planet (see Fig. 9). You 
will note that I have taken my illustration only as far as 
the Mach 3 supersonic aircraft. Of course with more 
powerful engines and the resolution of certain other 


times it should present no } 


1919 1930 1940 1947 1950 1954 1959 
SMITH BROS + DH86 & SHORT CONSTELLATION COMET BOEING SUPERSONIC AIRCRAFT 
= - VICKERS VIMY EMPIRE FLYING BOAT JET JET MACH 3 
Figure 9. Our vanishing world. 80 MPH 140 MPH 260 MPH 500 MPH 560 MPH 2000 MPH 
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technical problems, a speed of Mach 6 to Mach 7 is 
certainly a possibility (i.e. about 4,000 m.p.h.). In Fig. 
10 is shown a U.S.A. impression of a Mach 7 vertical 
lift air liner. The nose section of the flattened all-body 
configuration incorporates inlets for the primary ram-jet 
propulsion system. The jet air flow is diverted in ducts 
around the passenger cabin. Hibbard estimates that such 
an aircraft could be available for commercial use in 30 to 
40 years. 


8. Returning to the Mach 3 supersonic aircraft, it is 
important to note that its economic operation will be 
very much affected by delays. The most likely source 
of these will be in air traffic control. Here the aircraft 
will have to descend through conventional subsonic 
aircraft operating at the lower levels. The effect of such 
delays can be readily appreciated from the following 
analysis made by Shaw®). On a trans-Atlantic flight 
he says that a piston-engined aircraft taking 13 hours for 
the journey and experiencing a one hour delay would 
have its costs of operation increased by 7 per cent; onthe 
same flight a subsonic Boeing jet taking 7 hours and 
experiencing a one hour delay would have its costs 
increased by 15 per cent, a supersonic aircraft taking two 
hours for the flight but experiencing a one hour delay 
would have its costs increased by 50 per cent. 

Dr. Shaw considers that facilities will have to be 
provided which give the crew of a supersonic aircraft a 
direct and continuous reading of position, which 
automatically transmit this position data to a computer 
on the ground which would then collate available 
information on other aircraft, make the necessary 
decisions and transmit instructions automatically back 
to the pilot. The human air traffic controller would 
monitor this purely automatic operation. Shaw has also 
pointed to the need for a fully automatic blind landing 
system. If these become actual requirements, I cannot 
see them being met by most countries of the world 
(including Australia) for a long time to come. 

I think there will be a need for the intelligent services 
of a human air traffic controller for many years. I can 
also see a need for the use in the aircraft of a navigational 
aid such as the inertial navigation system used in 
missiles and atomic submarines. This should ideally 
give the pilot a direct reading of how far he has gone, 
how far he has to go, how far he is off track, what course 
he needs to steer to maintain track and what is his new 


FicuRE 10. Possible Mach 7 vertical lift air 
liner. 


expected time of arrival at the appro. 
priate descent point into destination, 
I should now like to refer to the eg. 
mated effective range of this supersonic 
aircraft. As usual we find United King. 
dom and United States manufacture; 
obsessed with the idea, as they so often 
have been in the past, that any ney 
aircraft’s maximum range capability 
must simply be the 3,000 odd nautical 
miles necessary for a non-stop crossing 
of the blue ribbon North Atlantic air 
route. (Perhaps they can be partly excused for this a 
the route already carries annually more than a million 
air passengers and the subsonic jet fleet now operating 
on it is slowly but surely pushing ahead of the giant 
ocean-going liners on this route.) The probable size of 
the supersonic aircraft—somewhere in the 300,000 to 
600,000 Ib. and 200 passenger category—is also 
markedly influenced by the North Atlantic philosophy. 


From the Australian viewpoint I think this is all 
wrong. An aircraft capable of carrying 100 passengers 
up to 5,000 miles, and possibly beyond, would seem to 
meet our needs best. This would enable Qantas to 
provide a fast end-to-end service at a higher frequency 
than wouid be possible with the heavier, limited range 
“North Atlantic” type aircraft. (The subsonic jet will be 
required for a long time to come, as it will feed traffic 
into the stopping points on the supersonic network.) 

In order to make my point on the need for this 
longer range, smaller type supersonic aircraft, I have 
made the following survey of possible future supersonic 
routes (Figs. 11, 12 and 13). It is the sort of survey, 
I imagine, that the Smith Brothers would have done if it 
had been possible to present them today with a super- 
sonic aircraft with which to do some more “trail- 
blazing”. You will note that in some instances I have 
substantially stretched the 5,000 statute mile range limit, 
although intermediate stops would be possible on some 
of these listed route sections exceeding 5,000 miles. 
I hope you will regard these extensions of range as the 
sort of licence permissible to an aviation enthusiast in 
the active pursuit of a cause. 


Let us take first the following routes* (Routes 1-3). 

The estimates of flight times are slightly more con- 
servative than Hibbard and Bailey’s, so that on Routes 2 
and 3, involving as they do several stops, the elapsed 
time may not quite keep pace with the sun. Over the 
polar route through Tokyo on Route 1, however, the 
supersonic aircraft should be an easy winner. 


*The calculation of these routes and of flight times was undertaken 
by Mr. I. Perry, a navigation expert in the Department of Civil 
Aviation. All miles shown are statute miles. Perry estimates 
that for the stage lengths quoted here climb and descent will 
occupy 95 min. (approx. 1,440 statute miles) while the cruise 
segment will be flown at M=3-0 (1,950 m.p.h.). 
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ROUTE i 


ROUTE 4 LA. 
B55 
ROUTE 
E 
FicurE 11. Pos- 
sible supersonic ww 
routes. 
ROUTE 7 
11-40 HR. 
ROUTE 8 
9-55 HR. 
Route 1 Sydney-Tokyo 4,850 miles 3 hrs. 20 mins. Route 4 Sydney-Honolulu 5,140 miles 3 hrs. 30 mins. 
Tokyo-over the North Honolulu-Vancouver 2,600 ,, 2 
Pole-London 5950 Vancouver-over the 
the Pole-London 4,610 ,, 
Total 10,800 miles 7 hrs. 20 mins. scene a 
—_———_— Total 12,350 miles 8 hrs. 55 mins. 
Route 2 Sydney-Manila 3,900 miles 2 hrs. 45 mins. Se 
Manila-Peking as Route Sydney-Honolulu 5,140 miles 3 hrs. 30 mins. 
Moscow-London 1,500 ,, New York-London 3450 
Total 10,745 miles 8 hrs. 25 mins. Total 13,220 miles 9 hrs. 30 mins. 
Route 3 Sydney-Singapore 3,910 miles 2 hrs. 55 mins. Route 6 Sydney-Tahiti 3,830 miles 2 hrs. 50 mins. 
Karachi-London 3,930 ,, 2 Mexico City-Bermuda 2,290 ,, 2 
Total 10,790 miles 8 hrs. 10 mins. Eee: 
—— wa Total 13,830 miles 10 hrs. 30 mins. 
Let us now look at some possible Australia-London Route 7 miles mins. 
routes in the easterly direction. (Routes 4-7). de 
The significance of these routes is that those through Janeiro 1,870 ,, bce 
New York and through Vancouver (over a polar route) Rio de Janeiro-London 5,800 ,, 3 a 
show comparable flight times in an easterly direction. 
Routes 6 and 7 prove clearly the practicability of Total 16,400 miles 11 hrs. 40 mins. 
alternative routings to the present one through North 
America. The route through Tahiti, Mexico City and 
Bermuda appears even to be within the capabilities of McMurdo Sound-Rio 
the proposed “North Atlantic type” supersonic aircraft. de Janeiro 5,360 ,, on ae 
Just to complete the picture, let us direct our attention Rio de Janeiro-London 5,800 _,, 3, 50 ,, 
to the South Polar routes (Routes 8 and 9)—see Fig. 13. Total 14,230 miles Ste: Ohio 
(Fig. 12 will clearly indicate the development which has Biba cain 
already taken place on North Polar routes.) Route 9 Sydney-McMurdo 
You will see that in the case of both these South Polar Sound 3,070 miles 2 hrs. 25 mins. 
toutes—the one via South America and the other via McMurdo Sound- 
South Africa—better flight times are achieved than those Johannesburg 5,050 ,, 3, 25 » 
flig Johannesburg-London 5,650 ,, 


on the routes through Tahiti and Central or South 
America. Further, as these South Polar routes involve Total 13,770 miles 9 hrs. 35 mins. 
only two stops, their elasped times would probably be ed 
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better than most of the listed routes which involve more 
than two stops. In any case you will note that on the 
South Polar routes it will be possible to get from Sydney 
to Rio de Janeiro in 6 hours 5 minutes and to Johannesburg 
in 5 hours 50 minutes. In mentioning these possibilities 
I am conscious of the yet unresolved problems associa- 
ted with antarctic weather, e.g. the “white out” 
phenomena. 


At this point one might well ask what is the particular 
value of these fast supersonic routes when the subsonic 
jet has already reduced elapsed times to London to a 
mere 32 hours? 

I am certain that as this decade progresses, the tired 
business man or official, in increasing numbers, will 
look to speedy end-to-end supersonic flights as a means 
of reducing work loading. Flight times on a jet are so 
short that a long flight involves an almost constant state 
of wakefulness. Further, I am sure that today’s air 
tourist is not greatly enamoured of the hourly stop at 
en-route transit points, as they provide no real oppor- 
tunity for sight-seeing. Hibbard and Bailey indirectly 
support my proposition of an increasing demand for fast 
end-to-end supersonic flights with their estimate that 
47 per cent of the world’s air traffic could be handled by 
supersonic aircraft by 1975. In any event, I am confident 
that in the next decade a situation will develop in which 
existing subsonic jets will become “feeder” aircraft for 
the globally operated supersonic aircraft. 

This brings me to the very interesting question of 
when we might expect a supersonic aircraft to be available 
for use by the airlines of our Western world. I think I 
have established the point earlier that no insuperable 
technical problems are involved although I certainly 
would not like to under-estimate their complexity. The 
principal problem appears to be one of finance, for 
development costs alone have been variously estimated 
at between $500 million and $1,000 million. We can 
assume that initially at least, this development cost may 
have to be spread over not more than 100 aircraft. 
(This assumption is based on the fact that one supersonic 
aircraft will do the work of three to four subsonic jets.) 
This gives a unit development cost of between $5 million 
and $10 million. To this must be added production costs, 
giving a probable total unit cost (depending on size) of 
between $10 million and $20 million—say $15 million. 

The financing of such a project involves very con- 
siderable difficulty, not only for the airlines but also for 
the aircraft manufacturer. In the past civil aviation 
prototypes have largely been the off-shoots of military 
aircraft designs. For example, the development costs 
of the Boeing 707, chargeable to civil aviation, were 
probably greatly reduced by virtue of the fact that its 
immediate predecessors—the Boeing B47 and B52 jet 
bombers and the Boeing KC135 jet tanker—were 
financed with some billions of dollars provided by the 
U.S. Government. Now that guided missiles have 
largely replaced the aircraft as an offensive weapon, 
the aircraft manufacturer will probably have to finance 
a much greater proportion of the estimated $500 million 
to $1,000 million development costs of a supersonic 
aircraft from his own resources. 
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FiGurE 12, Possible supersonic routes over the North Pole and 
existing North Polar air routes. 


Even assuming that a manufacturer can produce a 
supersonic aircraft at, say, $15 million apiece (£7 million 
Australian), it appears certain that the airlines will need 
a long period of very profitable operation with subsonic 
jets before they can hope to accumulate the colossal 
reserves necessary for supersonic re-equipment. Economi- 
cally speaking, therefore, from both the viewpoint of the 
airline operator and the manufacturer in the Western 
world, the supersonic aircraft may not be a practicable 
proposition before 1970 at the earliest. This assessment, 
of course, leaves out of account what may occur in 
Russia where the technical know-how and resources 
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appear to be available for the early production of a 
supersonic air liner. 

In any event, there appears to be a sound economic 
and technical justification for some cullaboration 
between the U.S.A. and the United Kingdom, and 
possibly France, in the early design and production of a 
Mach 3 supersonic commercial aircraft. This should 
substantially reduce development costs and _ speed 
production. It would also eliminate the possibility of the 
situation which arose in the production of the world’s 
first pure jet aircraft—the Comet. Here I am sure the 
Americans would be the first to admit that they found 
themselves in the position of being able to exploit 
commercially the clever and courageous, but somewhat 
unfortunate, experience of their U.K. colleagues. 

As matters now stand, two British aircraft companies 

are studying, for the British Government, the “‘feasibility”’ 
ofa supersonic aircraft. Several American companies are 
engaged in similar projects using, | assume, their own 
resources. On both sides of the Atlantic “feasibility” can 
be determined affirmatively and quickly by a promise of 
Government funds to cover development costs. If this 
turns out to be beyond the competence of a single 
Government, then I suggest that some form of inter- 
governmental co-operation will surely come under 
serious consideration. 
At this stage I think we might fairly ask what would 
be the likely effects of all this on our own future partici- 
pation in international civil aviation. A supersonic 
aircraft costing about £7 million (Australian) is a very 
expensive piece of equipment. A fleet of such aircraft— 
three I think would be an economic minimum—would 
cost in the vicinity of £28 million. This should present no 
insuperable difficulty to Qantas for it has built up a 
magnificent record in recent years in the financing of 
its own aircraft re-equipment purchases. Between 1956 
and 1961 Qantas will, without any direct Government 
support, have financed a £48 million jet re-equipment 
programme. But access to delivery could present 
difficulty. In the past, competing U.S. and U.K. manu- 
facturers have been more than anxious to satisfy the 
requirements of all comers. Whether this would be the 
case with a supersonic aircraft produced, say, by the 
joint effort of the United Kingdom, U.S.A., and possibly 
France, is a moot point. In the past the large aircraft 
manufacturing countries have had competing pro- 
grammes and it has consequently been difficult for them 
to get sufficient orders from their own air carriers to 
obtain their “break even” production target. They have, 
therefore, paid special attention to foreign orders and 
have, on occasions, even been prepared to give them 
priority in deliveries. All this has reacted to the advantage 
of Qantas and to other carriers in countries outside the 
commercial aircraft manufacturing field. I am _ very 
doubtful whether we can rely upon the continuance of 
this most favourable state of affairs. 


However, I believe that many other countries may 
have greater difficulty than Australia in remaining in 
civil aviation in the supersonic age. Some have very 
small fleets which could be replaced by a single supersonic 
aircraft. The main purpose in establishing some of these 
airlines as national flag carriers may have been to boost 
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national prestige, but it is doubtful if prestige alone 
would persuade the Governments which support them 
to provide the colossal sums involved in supersonic 
re-equipment. Qantas, at least, has the necessary 
reserves in sight to make a supersonic fleet a self- 
supporting, economic possibility. 

In the event that a number of the existing international 
air carriers withdrew from international civil aviation, 
we might once again see an attempt being made by the 
countries controlling the supply of supersonic aircraft 
to establish the principle of ‘freedom of the air”. After 
all it is the great manufacturing nations which have 
benefited most from exploitation of this same principle 
in the maritime field. Provided we could gain access to 
the necessary aircraft equipment, I do not think a free 
traffic rights situation should worry us too much for we 
have in Qantas a carrier capable of meeting the toughest 
competition. However, access to aircraft equipment 
and supplies would be essential, as it would be clearly 
impossible for us to provide the professional manpower 
and resources necessary to build our own supersonic 
aircraft in the foreseeable future. 

I believe that the policy our Government has followed 
of maintaining the fullest possible co-operation with our 
Commonwealth partners, and of maintaining at the same 
time the friendliest of relations with our other many 
friends in the Western world, will result in all these 
aviation problems being resolved in a manner com- 
patible with our best commercial aspirations in the 
supersonic age. However, I do feel that the next decade 
will face us all with aviation problems of great magnitude. 
To the solution of these problems the aviation leaders, 
not only of Australia but of the whole Western world, 
will have to address themselves with the same single- 
minded devotion, the same complete and utter refusal to 
recognise even the possibility of defeat; and in short, 
with the same courage and vision that the brave men we 
honour in this lecture faced their problems so many years 
ago. This is the challenge I offer in their memory. I hope 
that we, as Australians, will accept it in a manner be- 
fitting the responsibility which our magnificent aviation 
tradition has so squarely placed upon us. 
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Transition and the Spread of Turbulence on a 60° Swept-Back Wing 
N. GREGORY, M.A., A.F.R.Ae.S. 
(Aerodynamics Division, National Physical Laboratory) 
WO INTERESTING flow phenomena have been observed flow instability and the typical saw-toothed transition fro eh 
during the course of some transition measurements is recorded, while over the curved tip, transition is due 2 cur 
carried out on a swept-back wing with a curved tip. primary flow instability, the front is smooth and 15 jp - 
Firstly, the influence of leading-edge sweep angle on the cent of the chord farther back. With increased exposy: 
type of instability responsible for transition has resulted in to the wind, striations due to longitudinal vortices jn th gmalles 
two distinct types of transition occurring simultaneously boundary layer stretching between the saw-tooth transiti, critical 
over different portions of the wing under certain critical front and the leading edge appear in the china-clay recor wees a 
conditions. Secondly, unlimited spanwise turbulent con- as have previously been observed ©: *). introdu 
tamination of the flow was observed with an excrescence The 
located close to the leading edge. The circumstances in 2. SPREAD OF A TURBULENCE WEDGE taken : 
which this occurred are believed to be somewhat excep- Isolated conical excrescences with 60° cone angle an ya 
tional, although much further work is desirable on this 0:025 in., 0-10 in. or 0:25 in. high were cast in leada} |. 
point. paraffin wax and were affixed to the wing in various pos| “' 7” 
The experiments were made in the N.P.L. 13 ft. x 9 ft. tions. China-clay records of their effect on transition wer pe I 
wind tunnel on a 60° swept-back RAE 101 wing 9 per taken to measure how much more widespread was the con. aah 
cent thick. The chord of the inboard part of the wing tamination of a swept wing by such excrescences than in pus 
was 36 in. along wind and the wing had a curved tip. two-dimensional flow. It had been realised from an a. Ov 
Details of the plan form are given by Garner and Walshe™. alogous experiment"? that critical positions could exist new ee 
The china-clay technique was used to show the transition the nose where an excrescence could contaminate a muct sugges 
front over the whole span of the wing. larger extent of surface than in two-dimensional flow owing} ° er 
tw the outboard flow direction, and this had in fact been ‘he ” 
1. TRANSITION MEASUREMENTS observed earlier on a thick aerofoil, and also noticed by bably 
The test results (see Fig. 1) show an abrupt change in Gray of the R.A.E. in flight work, as is pointed out in}, 
the variation of transition position with variation in inci- Ref. 4. ‘ shoe V 
dence and wind speed when instability of the secondary _ Observations were confined to —3° incidence andi} py 
flow supersedes instability of the primary flow as the cause wind speed of 120 ft./sec. In these conditions, instability contat 
of transition. The leading-edge sweep angle of 60° is of the secondary flow was established as the cause of tran- is in 
beyond the angle at which the secondary flow is at a maxi- sition and the wind speed was the highest giving a reas} J -.5 
mum, with the result that secondary flow instability begins able stretch of laminar-flow surface for observation. Th} ),.4 
to affect the curved tip, where the sweep angle is even experiment did not determine the critical height of excre- anes 
greater, only under more adverse conditions than those scence required to precipitate transition: instead the} 4. ¢ 
: applying to the constant to the 
chord portion of the wing Ke " when 
i.e. at larger Reynolds num- \ \ \e 2 
ber or with a smaller positive 
velocity gradient. This can \ > ™* \ 2 & 
\ & 2 
be seen particularly in Fig. 2, 
which shows the transition \ § 
front at 120 ft./sec, and —3° 03 transition 
are critical ones where transi- ANS 
\ \ 3 
tion over the constant chord | > 
0:7 —— indicates striations present and _ 07 
transition due to secondary flow 
instability 
0-8 U,. ft/sec Symbol 
40 
90 a 
Se Effect of incidence and wind speed on transition on a 9% 180 + 
RAE 10! aerofoil with 60° sweepback and a curved tip. 210 ° — 
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FicurE 4. Conical excrescence 0°10 in. high at x/c position of 
0-005 at —3-6° incidence and 120 ft./sec. producing unlimited 
contamination outboard of itself. ¢ 


Figure 2. Transition at 120 ft./sec. (R,=2°3x10*) and —3° 
fron incidence. Transition is due to primary flow instability over 
_ the curved tip and to secondary flow instability over the 
wha constant chord section. spanwise direction as it must be close to the attachment 

line, a wedge of turbulence would be expected to continue 


in th smallest height, 0-025 in., was chosen as a “ safe super- 
— critical height” which would produce a wedge of turbu- 
“F ience at any position, while the other sizes were used to 
introduce larger disturbances, 

The width of the wedge along the 0-5 chord line was 
taken as a Suitable measure of the spread of turbulence in 
acurved flow field, and the observed variation of this width 
with excrescence position is shown in Fig. 3 for the three 
sizes of excrescence, together with a calculated curve based 


to spread spanwise indefinitely. 

Calculation suggests that this region is only a small 
one. At —3° incidence, the measured velocity distribu- 
tion shows that attachment occurs at x/c=0-006 on the 
upper surface, or at s/c=0°'019 measured round the sur- 
face perpendicularly from the leading edge. The range 
of calculated excrescence positions for indefinitely large 
spread of a wedge then extends between the limits :— 


0-003 < x/c 0-013 


con. 0 local spreading semi-angle of 10-6°, the well-known or 0-012 < s/c < 0-029, 
value obtained by Schubauer and Klebanoff®’ in two- 
an it} 4 sencional fl th di a distance of 1:7 per cent of the chord round the surface. 
1 a. dimensional flow with zero pressure gra ient. This is illustrated in Fig. 3 
-| Over the greater part of the wing the agreement be- pale P ae 
Nea . : Although no indefinitely large spread of a wedge was 
.| tween the gradients of the observed and calculated curves hails Ans 
OTE ceeetets that the assumetion of a + 10-6" soread is correct found at —3° incidence from the limited number of ob- 
“VBE servations made, such a spread was observed at —3-6° 


and that turbulent wedges grow as in two-dimensional flow. with an 0°10 in. high excrescence at an x/c position of 
The measured widths are less than those calculated, pro- 0-005: this i Fi 4. It i that 
bably because of the familiar smaller angle of spread 18. 
encountered close to the excrescence itself before the horse- similar flow on Geer Oe 7 incidence, but that the — 
shoe vortex has fully broken down to turbulence. of possible excrescence positions is even smaller than is 
Excrescences close to the nose, however, are seen to suggested by the calculation, and fell entirely between 
contaminate a much greater spanwise extent of wing. This two observations. A smaller range could be accounted for 
is in small part due to the curvatures of the external by a smaller angle of spread at the disturbance itself, 
streamline and of the aerofoil surface near the nose which which is more than probable, and also if at low Reynolds 
lead to the length along the streamline between the ex- numbers below that at which a turbulent boundary layer 
crescence and the 0-5 chord position becoming longer than to Se 
the chordwise distance, but is to a far greater extent due out as they —" along the span, before they are 
to the curvature of the flow field itself.* In the limit, convected oo EaEpees of higher Reynolds number. 
when the streamline direction is within +10°6° of the The SOE Enon & ety incomplete and further 
= work is required both to determine the practical serious- 
ness of unlimited contamination and to seek a solution 


‘ | | to the difficulty. In the experiments, unlimited contam- 
J }. Eccresconce ination was only observed once. Further work is required 
SS Infinite value height 120 eo to show whether it is possible at all incidences and wind 
speeds; whether the extent of surface from which it can 
at 0000 at = 2:3x108 originate depends on excrescence height; and whether the 
: 8 4 ° minimum excrescence height which can produce it is much 
\\o *A further possible reason was the three-dimensiona! nature 
$ 7 of the boundary-layer velocity profile itself, but this was dis- 
. - + a edge of boundary layer counted as a result of yawmeter traverses carried out at x/c 
positions of 0:20, 0-05 and 0-01. Despite the large changes 
in external flow direction over the surface of the aerofoil, the 
Tag iiss, PS = twist in the velocity vector between the edge of the boundary 
i lili layer and the surface did not exceed 5° at the 0:20 and 0:05 
teaihcins: dt-ittiniiiads ns x/c positions and was much less at x/c of 0-01; in addition, 
most of the twist occurred close to the surface itself. Now : 
hss | ots comparison of the slopes of the calculated and measured curves. 
0 ed L — ot 1 of Fig. 3 suggest the same spread angle at the 0°20 and 0:05 
0-05 010 0-16 +20 staid x/c positions (where the three-dimensionality of the profiles is 


f A 2 
— greatest) as in two-dimensional flow. It is concluded that the 


twist in the profiles does not affect the wedge angle at all. This 
is probably because the spread is controlled by conditions in a 
critical layer at a certain distance from the surface. 


FicuRE 3. Variation with excrescence position (x/c) of width of 
turbulent wedge (w/c) at x/c=0°5. (l/c is distance along 
streamline measured forwards from x/c=*5 position). 
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greater than the minimum heights required to produce 
a conventional turbulence wedge for excrescences either 
at the point in question or at the most sensitive position 
on the nose of the wing. A large disturbance is clearly 
necessary to trigger it off, otherwise no laminar flow would 
have been found at all since the tunnel floor boundary 
layer at the wing root was undoubtedly itself turbulent. 

It is desirable that these questions should be resolved 
on a much larger model than that of the present experi- 
ment, preferably in flight under full-scale conditions. The 
effects of boundary layer suction as a possible cure should 
also be investigated. 
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Combustion Performance Characteristics of a Laboratory Subsonic Ram-Jet 


LOUIS A. POVINELLI, B.S.M.E., M.S.M.E., Ph.D. 


(FIAT Post-doctoral Fellow, School of Aeronautical Engineering, Politecnico of Torino, Italy) 


ILTON" has described a relatively inexpensive sub- 

sonic ram-jet installation which may be used as an 
aid to technical education. This type of equipment should 
serve to enable students to undertake performance studies 
of propulsion systems. To this end, this author would 
like to elaborate on one of the testing phases suggested by 
Hilton, that is, the tests on combustion systems with direct 
coupling to the air supply. It is the purpose of these 
remarks to present some previous observations on the com- 
bustion characteristics of a subsonic ram-jet which will 
serve as a useful demonstration as well as to provide areas 
of interest for academic investigations. 

In a previous study®’, a 2-06 inch internal diameter ram- 
jet with direct air coupling was used for the investigation 
of specific fuel consumption performance with premixed 
propane-air gases, The laboratory ram-jet had a constant 
internal diameter with no allowance for pressure recovery 
and operated with a nozzle whose area ratio was 0-6. The 
flame-holders used were of two configurations: the re- 
cessed wall and a Vee cone having a 90° apex angle and 
a blockage area ratio of 39 per cent. 


EXPERIMENTAL OBSERVATIONS 

A large number of the experimental studies on 
flame-holder performance have been conducted in two- 
dimensional combustion chambers, although it has been 
realised that the results are not always extendable to a 
practical system. The magnitude of the variation is diffi- 
cult to predict, due, for example, to the existence of such 
phenomena as oscillatory combustion. Fig. 1 shows this 
quite clearly, a comparison being shown of the results 


Received 20th May 1960. 


obtained with the recessed geometry with those of Ref. } 
in a two-dimensional chamber. 
tached during this testing phase. 
the rich limit of flame stability is considerably lower with 
the more realistic configuration and this may well be 
attributed to the oscillations present, as a great deal o/ 
screeching accompanied the testing. The chamber length 
for all three cases was 9 in., being measured from the 
leading edge of the recess to the duct exit. 
of the recess, indicated in Fig, 1, was identical for al 
three cases. 
stability is also illustrated in Fig. 1. 
formance over the stainless duct, when a vycor observation 
section was used to replace a 2 in. section of the tube 
where the flame front combines to fill the duct, may be 
attributed to the fact that the vycor, with a lower con- 
ductivity than the steel wall, maintains a higher inside duct 
temperature. 
is available for igniting the incoming mixture. 
may also serve to explain some of the variation between 
the two- and three-dimensional results. 
turbulence intensity was present in the approaching flows 


Figure 2 represents a comparison of the specific fuel 
consumption values (S.F.C.) for the two flame-holding sys 
tems mentioned previously, for a chamber length to rail 
jet diameter ratio, L/D, of 4:00 and a nozzle area ratio 
of 0-6. 
maximum flow indicated (nearly choked) is appreciable 
over the entire range of fuel-air ratios tested. The onl) 
variation in testing was in the flame-holding system. The 
choice of the bluff-body blockage area was based on the 
results obtained with a 26 and 39 per cent blockage area 
cone. The larger cone yielded an S.F.C. value approxt 


The nozzle was not at- 
It is quite obvious that 


The geometry 


The effect of ram-jet wall material on flame 
The increase in per 


The energy thus maintained within the duct 
This effec: 


A low degree of 


It is noted that the decrease in S.F.C. for the 
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Figure 1. 


mately 12 per cent lower than the smaller one at an equiva- 
lence ratio of unity for the highest mass flow and an L/D 
ratio of 4:00. A significant decrease in S.F.C, was ob- 
tained over the entire range of fuel-air operation and is 
attributed to the fact that more violent mixing occurs with 
the larger body after the mixture passes the flame-holder. 
This increase in stream turbulence is sufficient to promote 
a greater amount of burning within the given duct length, 
whereas the increased pressure drop due to larger block- 
age is insignificant. The choice of L/D ratio was based 
on the S.F.C. results obtained with the recessed geometry 
and the Vee cones for L/D ratios of 3-52, 4-00 and 5-96. 
With the recessed wall, the S.F.C. values were found to 
be minimal with the largest L/D. Since combustion effi- 
ciency is dependent on tube length (i.e. flame spreading, 
residence time, mixing time and so on), this result was 
anticipated for the chosen ram-jet diameter. However, it 
was found that combustion was completely unstable for 
both Vee cones with the largest L/D. Smooth burning 
was not possible for any mixture ratio. Since the S.F.C. 
values for an L/D of 4:00 were more favourable with the 
larger Vee cone than with the L/D ratio of 3-52, these 
results were used for the comparison (see Fig. 2) with the 
recessed wall for the same length to diameter ratio. The 
inability of the Vee configuration to burn smoothly with 
the maximum L/D value may be explained by the obser- 
vations of Fenn et al, who showed that the detonations 
which give rise to combustion instability initiate at the 
chamber walls. With the recessed geometry, the flame 
begins at the wall and recombines to fill the entire duct 
at some downstream position. Thus the region in which 
detonation effects originate is eliminated, being completely 
filled with a burning mixture. 

The curves of Fig. 2 indicate that wider stability limits 
are attainable with the Vee cone. This may be explained 
by the fact that in the region of the trailing edge of the 
Vee cone, where blowout of the flame is assumed to 
initiate, the transverse oscillations are of smaller magni- 
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tude than those associated with an empty duct. Conse- 
quently, the flame stabilised on the Vee cone is less sus- 
ceptible to blowout with variation in equivalence ratio 
than is the recessed flame-holder for the same mass flows. 
It is noticed that the blowoff points for the Vee cone, deter- 
mined by the rich limits, agree very well with the two- 
dimensional data presented in Ref. 3 for a blockage area 
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of 374 per cent. This serves to substantiate the fact that 
transverse oscillations do not play an important part in 
blowoff when a blockage type stabiliser is used within a 
duct, whereas the phenomenon is important with open 
ducts. The blowoff points, determined on the lean side, 
however, show a noticeable unexplained deviation for the 
two lower mass flows. 

The thrust obtained with the two ram-jet configura- 
tions is plotted in Fig. 3, in addition to the S.F.C. curves 
from Fig. 2 for the highest mass flow. It is seen that the 
decrease in S.F.C. at the point of maximum thrust is of 
the order of 20 per cent when the recessed wall replaces 
the bluff body. The latter, however, does exhibit some- 
what of an advantage in that the thrust is not highly 
sensitive to changes in air-fuel ratios. Since the pressure 
drag due to the presence of the bluff body may only ac- 
count for approximately 5 per cent of the variation in 
the results, the flame spreading and mixing characteristics 
of the recessed geometry appear to be superior. An in- 
crease in the fuel residence time, using the recessed geo- 
metry, also assists in obtaining better fuel consumption 
characteristics. 

The effect of nozzle addition on the combustion per- 
formance may be seen by comparing the results of Figs. 
1 and 2 (mixture density ~ 0-075). It is seen that the nozzle 
addition causes a substantial reduction in the rich-side 
stability limit of the flame. This reduction occurs since 
the nozzle addition may change the nodal pattern of the 
pressure oscillations such that the region of energy re- 
lease is close to a point of maximum pressure. Accord- 
ing to the Rayleigh criterion®, the proximity of flame 


energy source and point of maximum pressure tends jg 
amplify any flame oscillations present, thus leading tp 
greater instability, hence a smaller region of stable com. 
bustion. 

It has been the purpose of this note to present some 
of the aspects of the behaviour of a laboratory ramjet 
configuration in order to provide some specific Subjects 
of interest for academicians. Knowledge of such perfor. 
mance characteristics should be beneficial in the prepara. 
tion of laboratory demonstrations or student projects, 

This work was performed at Armour Research 
Foundation, Chicago, Illinois, under the supervision of 
C. C. Miesse. 
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.... We want to fly; can it be done? 
In order to ascertain that, they must go 
to the ABC of the air. What were the 
qualities of the air? If a thing moved 
slowly through the air, there is no per- 
ceptible pressure, but if it be moved fast, 
there is immense pressure. The pres- 
sure of the air increases as the square 
of the velocity. .... he was convinced 
that mechanical flying is not so far off 
as some people think. He would advise 
them to think of nothing less than 150 
miles and hour as speed would gain the 
day, and nothing less than that speed.” 


We Want to Fly 


Thomas Moy 


SE SE SE SE SES 


Thomas Moy, on 29th June 1868, at a 
meeting of the Aéronautical Society of 
Great Britain held during the First 
Aeronautical Exhibition (at the Crystal 
Palace). pp. 33-34, Third Annual Report 
of the Aéronautical Society of Great 
Britain. 


(The 23 Annual Reports, 1866-1893, 
which preceded the JoURNAL and con- 
tained some of the earliest scientific 
papers on flight, have been out of print 
for many years. Facsimile reprints, in 
4 volumes, are now available.) 
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At London Airport 
Esso refueller crews handle 


50,000,000 GALLONS OF FUEL A YEAR 


airports and refuellers are window displays. Both are 
the “end products” of an attitude towards life. A 
traveller’s glance at London Airport tells no more about 
the English character than the sight of a refueller can tell 
him about the calculated hustle that animates Esso. 

“ Calculated hustle *’ needs explanation. Three years 
ago six men took 25 minutes to fuel a DC-6 with 5,000 
Imperial gallons. The new Esso Python, manned by only 
two men, can supply 12,000 gallons to a Boeing 707 in 
12 minutes. Calculated hustle explains the difference. 

Hustle is not haste, which gives an impression of 
urgency, backed by inexperience. Calculated hustle means 
a near-surgical swiftness born of training, planning and 
anticipation, with a solid background of scientific research. 

It begins slowly. Take the training of a refuelling crew 
for example. For two months or more a new man works 
under the close supervision of his crew chief before he 
can qualify as a fully fledged crew member. He receives 
practical and theoretical instruction from a man wise in 
the ways of fuelling aeropianes, and whose experience is 
kept up-to-date by courses at Esso’s training school. 

Then there is quality control, a progressive system of 
checks, all of which contribute to the speed, safety and 
efficiency of the final operation. From the refineries and 
ocean-side storage tanks, aviation fuel — already tested 
to rigid specification — is delivered by road to Perry Oaks, 
the fuel farm at London Airport where more than a 
million gallons of fuel are stored. There it is sampled and 
filtered before delivery to Esso’s satellite depot, with tank- 
age for another half-million gallons, at L.A.P. Central. 

From these tanks it is fed to the refuellers after more 
checks and filtration. And each refueller is inspected 
daily, an inspection which includes all its safety equipment 
as well as final tests to make certain that its load of 
aviation fuel is free from contamination. 

Quality control is backed by the experience and ultra- 
modern facilities of a first-class research organization. 
Esso’s scientists look towards tomorrow but keep an eye 
on the run-of-the-mill problems of today. Not only do 
they experiment for the development and improvement 
of Esso’s future products: they analyse and test samples 
of current fuels and oils and devise test procedures and 
equipment for use in airport tests for fuel cleanliness. 


L.A.P. Central Area from the air. The S.E. face passenger handling 
building is at the centre, the Eastern Apex building on the right. 
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Advance planning is another factor. Every day a 
schedule is compiled in Esso’s operations room at 
London Airport Central, giving estimated times of arrival 
and probable fuel requirements for each aeroplane 
needing Esso service in the following 24 hours. And an 
up-to-the-second communications system keeps Esso’s 
controller in touch with latest developments so that he 
can direct the refuellers accordingly. 

So much for the background. Trained crews are ready. 
Product has been tested all down the line. The pro- 
gramme is planned. Refuellers have been checked and 
are waiting to swing into action. 


Part of the one million gallons of tankage which constitutes Esso’s 
fuel farm at Perry Oaks, adjoining London Airport. 


An incoming airliner, still some distance away, is 
reported by Air Traffic Control. Esso’s controller is in- 
formed by teletype direct from the tower or by landline 
from the operator. The controller alerts the appropriate 
refueller crew either directly or by radio via the apron 
supervisor. In less time than it takes to tell, the refueller 
is on its way to the arrival area. Soon the aircraft taxies 
in and rolls to a halt. Within three minutes refuellers and 
other servicing equipment are correctly positioned, all 
safety precautions have been taken, hoses deftly and 
swiftly coupled, and the fuelling operation begins under 
the watchful eye of the apron supervisor. 

Perhaps the airliner is one of the big jets after a trans- 
Atlantic flight. Then the refueller will be the Python, a big 
answer to a big need. For other aircraft or less require- 
ments, smaller special-purpose refuellers may be more 
suitable, like the 6,000-gallon Pluto. Whatever the aero- 
plane and whatever its need, the appropriate vehicle 
will be there, ready to supply what is wanted, where it is 
wanted and just when it is wanted. That is the principle 
of Esso service, applied with characteristic hustle which 
is Esso’s speciality. That is how customers are satisfied 
and why Esso’s business is expanding at London Airport. 

Calculated hustle enabled the refueller crews to supply 
30,000,000 gallons of aviation fuels to Esso customers last 
year at London Airport alone. This year’s estimate is 
over 50,000,000 gallons. As for the future — when Esso 
development and research evolve still better fuels and 
oils — new requirements will be met safely and swiftly in 
the same tradition as they are today, in the spirit of 
calculated hustle that a passenger may casually notice but 
a glance will never explain. 


Esso Petroleum Company Limited 
Aviation Department 

36 Queen Anne’s Gate, London S.W.1 
Telephone: HY De Park 7030 
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Pressurised civil or military jet-prop transport; 47 
Passengers or over 6} tons of freight or combina- 
tion of both at 275 m.p.h. for 850 miles; operates 
from1000-yard grass airstrips;builtforlong life and 
easy maintenance: td a passenger-mile economy 
ADVERTISEMENTS SEPTEMBER 1960) 


...to see the Herald leave Leh 


Leh, in a Himalayan bowl, is over 10,000 feet above sea level. 
But the route-proving Herald cut an engine at take-off to climb 
away over the monastery towards the mountains. 

Backed by more than 170,000 miles of challenging see-it-in- 
action flying to 53 countries around the world, Herald airliners 
carry out such exploits almost as a matter of routine. 

Heralds are built by Handley Page to fly; to fly strongly and 
safely with power to spare. They are making light work of some 
of the most difficult flying conditions and airstrips to be found 
anywhere. 

Their fail-safe design, craftsmanship and Rolls-Royce Dart 
engines are guarantees of economy, versatility and safety. 

Handley Page’s pledge of after-sales-service continuity is the 
guarantee that Heralds will keep flying efficiently and inexpen- 

sively on the world’s air routes. 


HANDLEY PAGE RADLETT LONDON READING 
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‘postgraduate Study in the U.S.A. 

Some of the student readers of this page, who are now 
‘beginning their final year at British Universities, may be 
interested to hear about the opportunities that exist to 
obtain higher degrees at universities in the United States. 

Most American Universities accept, and indeed 
welcome, applications from overseas students for admis- 
sion to their “ graduate schools.” Information regarding 
these universities, together with details of the scholarships 
and awards which they offer, are listed in the UNESCO 
publication “ Study Abroad,” and in similar publications 
which are available from many public and College libra- 
ries. Also listed are fellowships offered by organisations 
in this country, such as the English Speaking Union, for 
study in the U.S.A. A more personal approach may be 
a direct inquiry to university departments or to individuals 
who are already publishing progressive work in a particu- 
lar field of interest. It may be found here that one’s own 
tutor can be very helpful in providing information—and 
the interest evident in this method of approach may stand 
one in good stead. 

Applications for admission to American Universities 
from foreign students are considered together with all 
other applications and since the qualities and strengths of 
most British Universities are by now well known in the 
U.S.A., candidates expecting to attain a good honours 
degree stand a reasonable chance of being accepted. 


Applications to two or three universities would of course 


_ improve one’s chances of at least one acceptance. 


The type of financial assistance a university may offer 


' can vary widely and a few words on this may be appro- 


priate. Firstly, full fellowships: these usually enable the 
recipient to study full-time for one academic year (mid- 
September to mid-June), with an option on the part of 
the university to renew the award for a longer period if 
the candidate proves to be of the desired standard. With 
full-time study it should be possible to obtain a Master’s 
Degree after an academic year of hard work, and pro- 
bably some weeks of the following summer spent writing 
up a thesis. A Ph.D. would probably take three years 
full-time study. The next type of financial award is the 
Research or Teaching Assistantship. In this case the 
recipient does research or teaching for the university for 
a specified number of hours per week, having the rest of 
the time available for study. This is the most common 
form of financial support for graduate students, and the 
usual arrangement is twenty hours research a week thus 
leaving an approximately equal time available to attend 
courses. Consequently, the student is often known as 
a “half-time research assistant” (‘ one-quarter” and 
“ three-quarter-time ” posts sometimes exist). The smaller 
the period of time devoted to study the longer the time 
needed to complete the degree requirements; two years 
for a Master’s Degree, four years and upward for a Ph.D. 

Of course, some combination of fellowship and assis- 
tantship may be offered. Most university authorities 
realise that students from abroad must be entirely self- 
supporting and offer the necessary $1,800-$2,200, which 
figure excludes fees and an income tax of 20 per cent, if 
applicable, for the ten months of the academic year. 
While it is not possible to work outside the university in 
the vacations, often it is possible for them to offer full- 
time research work during these periods. Thus the 
typical schedule of a “ half-time” research assistant might 
be ten months employment on a half-time basis, one month 
of which is paid vacation, and two months full-time work® 
and pay, during the summer vacation. Awards will not 
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usually cover the cost of travel to the U.S.A., and a limited 
number of Fulbright Travel Awards are available for 
this purpose, while some Professional Bodies in this 
country also offer various grants and assistance. However, 
early application is advisable for all of these grants. 

January and February are the latest months for submit- 
ting applications to the universities and applicants are 
notified of their success, or otherwise, in April or May. 
Once the application has been accepted, the process of 
obtaining the required student visa presents no problem. 
Making sure one has all the necessary papers and an early 
morning arrival at the U.S. Embassy in London more-or- 
less guarantee that it will be a one day task. Incidentally, 
if one receives a Fulbright Travel Award, the visa and a 
shipping berth follow. Otherwise, a tentative booking 
with a shipping line should be attempted as far in advance 
as possible. A deposit is required in the latter case, but 
all of this can be recovered if the cancellation is made 
within reasonable time. It can prove very difficult to 
obtain a berth in the last few months. 

The standard expected of graduate students is that of 
a First or Second Class Honours Degree, and the Ameri- 
can students will be up to this level, although they may 
not have covered such a wide field or similar topics in 
their undergraduate work. The course of study is rigorous 
and consists of six to nine courses of lectures, each lasting 
for half of the academic year (or a “ semester ") and being 
of three hours a week duration, plus laboratory work as 
required. This is an average requirement for a Master’s 
Degree. Often a thesis is added to this which in the case 
of research assistants may be on the work done for the 
university. Lectures may start as early as 7 a.m. or as 
late as 8 p.m.! 

Examinations are given at the end, and often in the 
middle, of a course. They may be written or oral, at the 
discretion of the lecturer, but various types of written tests 
are prevalent. One is the “ in-class, closed-book ” exam- 
ination, that is, no notes allowed. Another is the “ open 
book ” type where any notes or references may be con- 
sulted, and a third the “ take-home” examination. The 
latter is often set over a week-end, the paper being distri- 
buted at 5 p.m. on the Friday and the solutions being 
collected at 9 a.m. on the Monday, together with a pledge 
of non-co-operation! Good marks in these examinations 
and in any spot tests set in class must be obtained if one 
seeks re-acceptance for the next academic year. This 
may all sound rather severe, but usually the lectures are 
very comprehensive, and the more frequent examinations 
mean a smaller section of the course to be prepared each 
time. 

The widespread friendliness towards students from 
overseas shown in the United States is especially warm in 
the graduate schools, which are surprisingly international 
in composition. All in all, it is an extremely worthwhile 
experience, so if you are interested in trying it, start 
planning now.—P.H. 


Future Visits 

An all-day visit has been arranged to the Royal Air- 
craft Establishment at Farnborough on Wednesday 12th 
October 1960. Applications for the visit should be made 
to the Hon. Visits Secretary: N. R. Craddock, 5 Oxleay 
Road, Harrow, Middlesex (Tel: Pinner 3633) by 30th 
September at the latest. 

Other visits also arranged are to the Guinness Brewery 
at Park Royal on Saturday 5th November and to Lotus 
Components Ltd., at Cheshunt on Saturday 19th November. 
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histories. 


BRANCHES 


After a certain amount of preparation behind the 
scenes, the inaugural meeting of the Hatfield Branch was 
held on 21st March 1939 when the broad structure of the 
Branch was settled, Mr. C. C. Walker, F.R.Ae.S., being 
elected the Chairman and Mr. H. W. L. Calder, A.R.Ae.S., 
Honorary Secretary. Captain (as he was then) G. de 
Havilland, C.B.E., A.F.C., F.R.Ae.S., was nominated 
President of the Branch and Mr. Lee C. L. Murray, Vice- 
President. A committee of six was elected to represent 
the Technical and the Works Staff. 

This was the result of a general drive to increase 
membership of the Royal Aeronautical Society and 
arrangements were made by the de Havilland Aircraft 
Company for Captain Pritchard, Secretary of the R.Ae.S. 
to address all those interested. This resulted in a consider- 
able number of people joining the Society, encouraged, 
no doubt, by the Firm paying the first year’s subscription. 
(Alas, such golden days are over!!!) 

The early days of the Branch were carefully nursed 
by Mr. Lee Murray and Mr. Calder and much credit is 
due to these two stalwarts for obtaining a most generous 
support from the de Havilland Aircraft Company. 

The first Committee which consisted, beside the Chair- 
man and Honorary Secretary already mentioned, of 
Messrs, Adams, Hunter and Herrod-Hempsall represen- 
ting the technical staff, and Messrs. Brent, Johnston and 
Jackson representing the works staff, had their first 
meeting on 27th March 1939 and a full programme of 
lectures was decided upon. Unfortunately only one 
lecture, that of Dr. H. Roxbee Cox (now Sir Harold), was 
given before the war broke out, and, with the dispersal of 
the staff and works, the activities of the Branch had to 
be suspended. 

After most of the members had “settled down” to 
their war efforts and when some of the members of the 
design departments were regrouping at Hatfield, some 
thought was given to reviving the Branch’s activities. 
Unfortunately, because the meetings were held within the 
Factory premises, hence in a Restricted Area, and because 
of the difficulties in discussing certain topics among a 
general audience, it was decided, at Mr. R. E. Bishop's 
suggestion, to form a de Havilland Engineering Society 
with a restricted membership: this would carry on within 
the Firm as much of the work of the Hatfield Branch 
of the Royal Aeronautical Society as possible. The Engin- 
eering Society was very successful and ran for the duration 
of the War years. Scores of visits were made to Bomber 
and Fighter Squadrons, various factories, etc., and many 
good lectures were given at Hatfield. 

Some time after the formation of the D.H. Engineer- 
ing Society as a Design Department effort, the Production 
Departments started a “ Production Section ” of the Engin- 
eering Society, to cater for their own requirements and 
well remembered as one of the most instructive and hectic 
meetings was a joint Design-Production Discussion, at 
which four papers were read on each side under the 
Chairmanship of Mr. Alan S. Butler, Chairman of the 
D.H. Aircraft Company. This meeting is also well re- 
membered for a very fine paper on production read by 
Mr. H. Povey. 

With the conclusion of the war, the Hatfield Branch of 
the Royal Aeronautical Society was re-formed and re- 
organised under the Chairmanship of Mr. R. M. Clarkson, 


The Branches Page now covers the era of the 1930s, and this review of 
the HATFIELD Branch is actually that of the last to be formed in ty 
“ 30s.” This chronoiogical inconsequence is due to the fact that Branghy, 
formed in 1930, 1935, 1937 (2) and 1938 have yet to forward thy 


again with Mr. H. W. L. Calder as Secretary; the ¢ 
Havilland Engineering Society’s affairs being merged jny 
the new Branch, except for the “Production Section” 
which still exists today as a highly successful de Havillapj 
Engineering Society, arranging visits and lectures on gy). 
jects allied to production. 

Since the re-formation of the Branch in 1946 it hy 
grown steadily in strength under the guidance of varioy 
chairmen, and one must record the valuable contribution: 
made by Mr. Calder, Secretary up to 1947, Mr. T. Mann, 
Secretary 1947-1957 and the excellent work done by M: 
J. A. Kirk, the subsequent Secretary up to 1960. 

In 1959, the Halford Lecture, in memory of Major F 
Halford, Managing Director of the de Havilland Engin 
Co. Ltd. and President of the R.Ae.S. 1951-1952, wa 
instituted. The first lecture was given by Mr. J. L. P 
Brodie in February 1959 during which Mr. Brodie, wh 
was a close associate of Major Halford for a great number 
of years, gave an outline of the life’s work of Major 
Halford. 

The Halford Lecture is one of the main highlights of 
the Hatfield Branch programme and the subject wil 
always be kept to a topic allied to propulsion. Mr. J. §. 
Alford, a design engineer from General Electric Co, 
U.S.A., made a special visit to Hatfield this year to deliver 
the second Halford Lecture. 

The total Branch membership is now 450, a level 
which has been reasonably constant over the past 5 years 
or so. The recently elected Chairman is Mr. D. R. New: 
man, and the new Secretary, Mr. A. A. Fawcett. 


Bristol Branch 


Mr. H. Giddings, F.R.Ae.S., Chief Development Engin- 
eer of Bristol Aircraft Ltd. and Chairman of the Bristol 
Branch, has recently undergone a serious operation. Mr. 
Giddings makes good progress and we wish him a speedy 
recovery and happy convalescence.—G.w-w. 


The Lecture Theatre 


The Branches, which have contributed so generously to 
the Lecture Theatre fund, have also influenced the choice 
of the date of the Opening Ceremony. The Lecture 
Theatre will be officially opened on Friday 28th October 
and application forms for tickets are enclosed with this 
JouRNAL. Friday was chosen at the request of the 
Branches and it is hoped that each Branch will be repre- 
sented at the ceremony. 


Attention Branch Secretaries 


Branch Secretaries are known to be over-worked 
especially at this time of year, BUT if they want the dates 
of lectures included in the Diary they are asked to remem- 
ber the following: the JouRNAL is normally distributed to 
members between the 8th-10th of the month; closing date 
for copy is the 18th of the previous month; AND in 
addition to the date, title of lecture and name of lecturer, 
the TIME AND PLACE are also important. 

NEWS for this page would also be welcomed by Mr. 
Wansbrough-White. He is still confined to bed bul 

fortunately he has been able to deal with the Branches 
page this month and we hope that there will soon be really 
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good news of him.—Ed. 
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A HISTORY OF METALS, (2 volumes.) Leslie Aitchison. Mac- 
donald and Evans, London, 1960. 690 pp. Illustrated. £8 8s. Od. 


This is a painstaking work of great erudition. It is, in no 
sense, light reading. Its weight is well over eight pounds 
avoirdupois and its price is in excess of eight pounds Sterling. 
It certainly does contain a wealth of information. It is not, 
except for a conscientious reviewer or perhaps for a marooned 
metallurgist or archaeologist, a book for continuous 
reading from front to back. One should, in fact, start at the 
back, with the index, turning frontwards therefrom to the 
prescribed page or pages, to partake in appropriate doses, of 
the very considerable learning available. If one requires a 
thorough review of copper and of the copper alloys of the 
ancient World, and of the utilitarian and decorative work- 
manship applied to them, one will be reading for a period of 
time to be measured in hours. If, on the other hand, one’s 
intellectual thirst is for knowledge of praseodymium, whose 
discovery took place in good Queen Victoria’s golden days 
(when all were familiar, though perhaps somewhat fleetingly 
so, with the sight of golden sovereigns and half sovereigns), 
one will find but a single reference to it. This is capable of 
split second assimilation. 

To criticise ever so gently when there is so much to praise: 
this notable work is not too fortunate in its title. History is a 
word of somewhat contemptuous connotation. To the 
ordinary man, it was and is a narrative tale. Since, 
however, this tome merely deals with the earliest dis- 
covered metal, gold, over a period of some 7,000 years, with 
the last, Rhenium, since its isolation in 1925, and with some 
sixty-eight intervening ones, from the time of their discovery 
onwards, it gives by no means a complete history of these 
metals, but a very satisfying account of man’s growing 
consciousness of them. In that very beginning, so varyingly 
conceived by cosmologists from the author of the first chapter 
of Genesis to that of the last chapter of Hoyle (not, of course, 
excluding Copernicus, Descartes, Newton, Kant, Laplace, 
Herschel, Jeans and one is almost tempted to add, Old 
Uncle Tom Cobley and all) the metals were in being. Further, 
if one neglects the dictum of Archbishop Usher, that the 
Earth was created at 8 o’clock in the evening on Saturday, 
October 22nd, 4004 B.C., that beginning was some 
4,000,000,000 years ago. Dr. Aitchison does not deal with the 
vicissitudes of the metals through geologically recorded time, 
but only, at the most, over a very minute fraction of it. A 
more descriptive title, one therefore thinks, would have been 
“Man and Metals’. This was, however, earlier used by the 
late T. A. Rickard, whose work, though not without merit, 
is far, far less informative than that under review. 

About 8,000 years ago, a period so small as to be 
geologically insignificant, man made what to date was his 
most momentous decision. In certain climatically favour- 
able areas, generally, but not invariably in valleys of such 
great rivers as the Indus, Nile, Tigris and Euphrates, he 
became an agriculturist and therefore one to whom tools 
were a necessity. Initially and for a very long period, his 
farming aids were of wood, bone and stone; the last men- 
tioned generally being flint but, in some cases, obsidian. 

From materials virtually devoid of ductility, but, in 
general possessing a very low Young’s modulus (a discovery 
of our 18th Century), a vast number of tools and weapons or 
Parts of weapons were made over a longer period than has 
yet been experienced by their metal supplanters. Initially 
these latter were made of native copper and occasionally of 


gold, then and for countless centuries not highly valued. 
Even within historic times the Aborigines around Lake 
Titicarca fished with golden hooks. These, for purely utili- 
tarian reasons, it has been said they were well prepared to 
exchange for iron ones, on a one-for-one basis. 

Metallurgy, it is now believed, fortuitously came into 
being in the upper stage of the two-tier pottery kiln of the 
fifth millenium B.C. Here the atmosphere might well be 
reducing and the temperature sufficiently high, not only to 
reduce oxidised copper minerals present in the stones out 
of which the kilns might have been made, but, when glazed 
pottery was being produced, even to melt the metal. Thus, 
from such a simple beginning, sprang into being metal- 
lurgy, a branch of applied science on which material 
civilisation has so greatly depended and still continues so 
to depend. 

The first volume of this magnum opus is devoted to the 
metals of antiquity: gold, smelted copper, silver, lead, tin, 
smelted iron and mercury. In time, the author here covers a 
period of something like 5,000 years of man’s growing 
consciousness of this class of matter. He lucidly sets out the 
known facts as to the discovery of the different metals in the 
various advanced communities. This, quite understandably, 
bearing in mind the difficulties of inter-communication, was 
by no means contemporaneous in the different settlements. 
Further, he does what is very pleasing to the eye: he re- 
produces excellent photographs, illustrating the really remark- 
able craftsmanship and artistic susceptibility shown by our 
rude forefathers in manipulating and especially in decorating 
those metals which lend themselves to this treatment. 

Having disposed of but seven metals in his first volume of 
some 300 odd pages, the author has set himself no small 
problem with regard to the companion one. To live up to the 
title of this work, Dr. Aitchison has to give some account of 
some 63 metals not dealt with in his first volume. He has 
manfully faced the situation, but the method he has adopted 
for dealing with it, while in the main satisfactory, may subject 
him to some slight criticism. He knows so much about so 
much, he is, ipso facto, hampered by lack of space in which 
to impart his knowledge, yet, on occasion, he is profligate in 
using the little available to him. Georgius Agricola (1490- 
1555) and his book, De Re Metallica, have an importance to 
the author not acceptable to some. To this somewhat doubtful 
alchemist, whom many regard as something of a copyist of 
Vannoccio Biringuccio (1480-1540), Dr. Aitchison not only 
makes a very large number of references, but he reproduces 
not less than nine quite hideous, but admittedly informative, 
woodcuts from the above book. With most of these, many 
metallurgists, archaeologists and historians have been 
familiar, at least since the 1912 Hoover translation of this 
work. Somewhat curiously, the author’s lack of space has 
led him to be very economical of words in dealing with the age- 
hardening aluminium alloy, Duralumin. Alfred Wilm rightly 
receives generous treatment, but other individuals and 
laboratories get no mention although, one feels, some did 
make a worthy contribution in this alloy field which has been 
and still continues to be of such immense help in the develop- 
ment of large aircraft. 

Some little criticism has been indulged in, yet, were 
this book’s many excellent qualities to be enumerated far, 
far more space would have been required. Dr. Aitchison 
undertook a very great task and has done his work in a 
manner meriting very high praise.—P. L. TEED. 
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BRITISH CIVIL AIRCRAFT 1919-59, Vol. 2. A. J. Jackson. interest in nineteenth-century engineering relics and records | selemett 
Putnam, London, 1960. 595 po. Illustrated. 63s. we should be rash indeed to assume that the Salvaging ¢ ” posed 
This volume is even better than the first, perhaps aeronautical photographs and data is of little long-term yaly we d 
because it contains a wider variety of case histories. The These two volumes form one of the worthwhile contriby [ celien 
interval between publication dates subconsciously misleads tions in this field and Mr. Jackson deserves an honour} sing sf 
one into thinking of Volume 2 as a sequel, but of course all place among the chroniclers of the twentieth century publicis 
the subject matter is derived from the same ambitious SENRAB. velociti 
research task begun more than thirty years ago. SELECTED TOPICS ON BALLISTICS. (Agardograph | Oft 
Although this E-Z section of the whole work occupies only 32.) Wilbur C. Nelson (Editor). Pergamon Press, Londyy | Rinehal 
24 more pages than the A-D section (treatment being 1959. 280 pp. Illustrated. 63s. ‘} charact 
practically uniform throughout both volumes) there are more Ballistics is a subject which is often shrouded by securiy } the scal 
“small fry” in Vol. 2 and only 78 of the principal types are requirements, or in which papers appear in relatively jp. } and, 12 
illustrated by general arrangement drawings as against 100 accessible publications, and it is refreshing to see a comply | on the 
or more in Vol. 1. In contrast, Appendix A (Miscellaneous volume of papers in this field published in the open literatye } stabilit: 
Civil Aircraft) illustrates 246 types (as against 141 in the first The volume contains papers given at a Colloquium held x | bustion 
volume) and Appendix B (Civil-registered Military Aircraft) Freiburg, Western Germany, in 1958 to commemorate th} The 
covers 90 (twice as many). Text errors are very few indeed— centenary of Professor Carl Cranz, who may justly be regards, | this vo 
we noticed only three of any significance; these were the as the father of the subject as a modern science. In additio) | concert 
series number of the Cosmos Jupiter on page 321, the choice to an account of Cranz’s life and work given by his fozm | the 24 
of spellings of the name of the London representative of pupil and collaborator, H. Schardin, seventeen papers give | procee’ 
Canadair Ltd, on page 367 and the Firefly III’s construc- by American, French, Dutch, German and British authors az 
tion number, which should be F.1137, not F.1138 which included in the volume. The papers are:— “Forty Years of | FUND: 
is also given (correctly) for the Fox II. British Aeroballistic Research” by J. W. Maccoll, “Exterio; | “2”! 
As before, the illustrations are excellent and there are Ballistics Developments in the United States since the Time of | Publis! 
several rarities among them. They include a complete Cranz” by C. L. Poor, “Some Aerodynamic Effects on Lon Thi 
spectrum of Miles Hawks and their later derivatives, a Range Rocket Craft’ by H. J. Allen, ‘Ballistics of the } t4imn 
wonderful sample of SESAs (ranging from Whitehead Reid’s Explorer” by J. E. Froehlich and A. R. Hibbs, “Launching | the U! 
lightweight model to Dudley Watt’s monster), a delightful of Explorer I” by R. F. Hoelker, “Meteorites and Ballistics’ | "4!" 
shot of the R.A.E. Club’s tiny Zephyr (G-EBGW) in flight, by J. S. Rinehart, “Projectile Aerodynamics” by R. M. Sauer, | simple 
the Sopwith Dove G-EBKY before its conversion into the “The Calculation of Stability and Damping of Spin-Stabilized from v 
Shuttleworth Pup (a genuine Pup, G-EBAZ, is also shown) Projectiles” by Wolfgang Haack, “Some Aspects of Stability | The 1? 
and Air Commodore Wheeler’s own Slymph (G-EBOI) and Controllability of Cross-Winged Guided Missiles” by depth 
which he built at Hinaidi in 1931. Life histories of half- S. F. Erdman, “The Role of Free Flight Ranges in Ballistic | °°"! 
forgotten families of Monospars, Spartans and Widgeons and Aerodynamic Research” by C. H. Murphy, Jr., “Elec- In 
will revive happy or hair-raising memories and the spectacular tronic and Optical Means of Observation of Guided Missiles those | 
life-cycle of the notorious Poux-de-ciel is fully chronicled. and Satellites” by L. A. Delasso, “Special Ballistic Ranges | Addit 
In spite of the accidents recorded, it seems to have been and Gas Guns” by H. H. Kurzweg, “Preliminary Planning the gu 
safer to fly from a patch of grass then than to drive on a for a Hypervelocity Aeroballistic Range at A.E.D.C.” by indeec 
main road now. E. J. Stollenwerk and R. W. Perry, “‘Forty Years of British missil 
Appendix C contains three times as many entries of Internal Ballistic Research” by F. B. Goode, “A Brief } anyon 
unillustrated types as in the first volume and although the History of Rocket Research and Development in the United elbow 
author declares that a thorough search has been made in Kingdom” by F. James, “‘Sur les Effets Secondaires de Jet des | Writte 
every case, one is bound to question one or two of them; Engins Autopropulses” by F. Tesson, and ‘‘Scaling Problems techni 
for instance, if it is permissible to illustrate the one and only in Underwater Ballistics” by H. G. Snay. an Of 
Hawker Hawfinch (G-AAKH) by a photograph of the same Of the three major branches of Ballistics, Exterior, pulsic 
aeroplane as J-8776 (albeit in its little-known single-bay Interior and Terminal Ballistics, only the first receives a fairly The r 
configuration) surely one of the several available photographs complete coverage; Interior and Terminal Ballistics are each the b 
of the one and only Hedgehog N-187 could have been used to represented only by one paper. indus 
illustrate G-EBJN, which is relegated to Appendix C. As befitting an anniversary volume there are four also 
It is regrettable, as the author remarks, that so many historical papers which together give a brief glance at a sub- | ©"! 
previousl, published pictures are no longer extant, such, for ject which has been studied as a science for many centuries | ° il 
instance, as those of the Peterborough Guardian which and one has an impression of the turning of pages of dusty (Poss 
appeared in Flight of 25th December, 1941; more under- volumes covered in cobwebs; even the work carried on | Xt! 
standable is the loss of the originals of the completed Marl- between the First and Second World Wars seems to be | °P& 
burian which were published in Flight on 12th May, 1921. strangely remote when compared with the rapid recent A 
Nothing can be done about photographs that have been developments in missiles and satellites. great 
destroyed, but every effort must be made to retrieve and The applications of Ballistics to Rocket Technology are | '™ 
preserve (preferably with the Royal Aeronautical Society’s dealt with in a number of the papers, thus emphasising the roles 
Historical Group) those that may still exist. Treasure is still standpoint of bailisticians that a guided missile is a projectile have 
being unearthed from company and private records, as, for with wings rather than an aircraft without a pilot. Many dyna 
instance, the  civilianised Grahame-White Ganymede aerodynamicists have recently become aware of the it — 
G-EAMW on page 350 and the Short 184 G-EBBN on page adequancy of the stability methods used for aircraft in dealing } "¢Y' 
493. Recent delving has also recovered a photograph of an with spinning and yawing rocket vehicles, and it is a relief to figur 
incomplete civil-converted Vickers F.B.14 with a Lorraine- find that ballisticians have developed many methods to cope = 
Dietrich engine, which may be one of the two (G-EAAS and with cross-coupling and rion-linear problems. until 
*AT) referred to on page 519. The use of ballistic free flight ranges is dealt with in three cont 
We cannot predict what posterity’s reaction may be to of the papers. Such ranges, particularly when pressurised, até on 


current preservationist activities, but, in view of the present 


complementary to wind tunnels, and with the development of 
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ry capable of withstanding the high accelerations 

by gun launching, there is the possibility of obtaining 
much detailed information from a model in flight. Some 
excelient work on real gas effects carried out at N.O.L. by 
firing spheres into different gases deserves to be more widely 
publicised. The use of light gas guns to obtain hyper- 
velocities is also covered in the papers. 

Of the remaining papers, there is an excellent summary by 
Rinehart of meteorites which includes an account of ablation 


‘T characteristics and of the nature of impact craters, a paper on 


the scaling of underwater explosions and water entry cavities, 
and, rather as an outsider in this volume, the paper by Tesson 
on the theory of ram-jets—in particular the secondary 
stability effect arising through the displacement of com- 
bustion surfaces relative to the structure. 

The AGARDograph series is excellently produced, and 
this volume deserves to be read carefully by aerodynamicists 
concerned with missile development. It is a great pity that 
the gap between conferences and the publication of the 
proceedings seems to be an ever-increasing one.—R. N. COX. 


FUNDAMENTALS OF GUIDED MISSILES. Air Training 
Command, United States Air Force and Technical Staff. Aero 
Publishers, Los Angeles, 1960. 575 pp. Illustrated. $12.50. 

This mammoth work has been written primarily for 
training “thousands of skilled technicians and engineers” of 
the United States Air Force who are to be employed in 
maintaining and servicing guided missiles in the field. In 
simple and non-mathematical language, it attempts to explain 
from very basic principles how and why guided missiles work. 
The intention is to give to the specialist technician a greater 
depth of understanding of the importance of his own personal 
contribution to the serviceability of the complete missile. 

In this country the book will certainly prove of interest to 
those concerned with the training of Service tradesmen. 
Additionally it could be recommended to any newcomer to 
the guided missile industry for general background reading, or 
indeed to anyone who has only a passing interest in guided 
missiles. Its great merit lies in the fact that it can be read by 
anyone without a host of supporting reference books at his 
elbow. However it is disappointing that the book was not 
written for a wider audience. The weight given to each 
technology reflects its usefulness to the service technician on 
an operational site. Consequently aerodynamics and pro- 
pulsion are dealt with superficially and structures not at all. 
The resulting unbalance seriously detracts from the value of 
the book to other potential readers, such as members of the 
industry and higher ranking planners in the Services. It will 
also be a disappointment to some readers that, although 
considerable sections are devoted to components, no details 
or illustrations of actual missile components are given. 
(Possibly this was to be expected on security grounds.) The 
text is restricted to describing the general principles of their 
operation, and illustrations are limited to functional diagrams. 
A criticism is that the arrangement of the book could be 
greatly improved. The logical development would have been 
from a classification of missiles according to their operational 
roles. Consideration of possible guidance techniques would 
have led to further sub-classification. Trajectories, aero- 
dynamics, structures and propulsion could then follow, 
indicating techniques appropriate to each sub-classification. 
Having thus developed the various possible missile con- 
figurations, the scene would have been set for guidance and 
control. Instead no real attempt is made to classify missiles 
until chapters 8 and 9, after aerodynamics, propulsion and 
control have been dealt with. The result is some confusion, 
considerable repetition, and to a large extent the reader is left 


to build his own missiles. 


The section on control is worthy of especial mention. The 
treatment is unusual in that it attempts to explain, without 
recourse to mathematics, the complex techniques used by 
designers in order to achieve stable and accurate control. 
On the whole it is successful, although there are occasions 
when verbosity and repetition give the impression that the 
author himself lacked full understanding. 

Elsewhere there are unusual explanations and strange 
concepts such as the explanation of Coriolis effect and the 
concept of “apparent precession’, but, generally speaking, 
the book achieves what it sets out to do, namely to provide 
a general background of the basic principles of guided 
missile design using non-specialist language. Like all 
American books of its type it is lavishly illustrated but, 
lacks a bibliography for further reading.—£. J. HOLDEN. 


INTRODUCTION TO ROCKET TECHNOLOGY. V. I. 
Feodosiev and G. B. Siniarev. Translated by S. N. Samburof. 
Academic Press, New York, 1959. 344 pp. Illustrated. $9.50. 


The title of this book adequately describes its contents. 
The authors, in their preface, state that the book represents 
their attempt to introduce the reader to the general subject 
of rocket technology without demanding of him serious 
preparation, particularly in the specialised fields of aero-gas 
dynamics and thermodynamics. 

Others have attempted to write an introductory book of 
this type, for which an undoubted need exists. The reviewer 
feels that this attempt is more successful than most, probably 
because the authors have selected their material, and its 
treatment, specifically for the third year engineering or 
science student who is preparing to specialise in some branch 
of rocket technology. Such a student, before beginning his 
specialisation, needs first a long view of the whole field of 
rocketry in order to give his later studies some perspective. 
This book is intended to satisfy that need, while demanding 
no more of its reader than the sound working knowledge of 
higher mathematics, physics and chemistry which he might 
be expected to have acquired at this stage in his studies. Thus, 
throughout the book, theoretical treatment of material is 
always adequately supported by such basic information on 
rocket hardware as would be indispensable to the newcomer. 

The text divides broadly into two parts; the first six 
chapters cover topics related to rocket propulsion, and the 
next three chapters deal with the dynamics and control of a 
rocket in flight. A final chapter describes ancillary ground 
equipment. 

A brief résumé of the contents of the book indicates its 
scope: After an initial chapter in which the basic equations of 
reactive motion are derived, there follow two largely descrip- 
tive chapters, the first on types of rockets, past and present, 
and the second on the construction and mode of operation of 
rocket motors. Progressing from the essentially practical 
content of these two chapters, the topics developed in the 
following three chapters are the more theoretical techni- 
calities of motor fuels, the processes of combustion in the 
chamber and their control by suitable injector and chamber 
configuration, and the gas- and thermo-dynamics of the motor 
efflux. A discussion on the theory and properties of critical 
and supersonic nozzles concludes this section on motors. 

The three chapters comprising the second section of the 
book are devoted to various topics related to the kinematics 
of a missile in flight and its control. Following a much 
abbreviated primer on aerodynamics and the special features 
of supersonic flight, methods of calculating trajectories are 
discussed in some detail, both for powered and free-flight 
vehicles; some of the problems involved in putting a satellite 
into orbit are demonstrated quantitatively. A short con- 
ventional treatment of rocket stabilisation and control is 
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next given, and the section ends with details of common 
control devices. The final chapter in the book describes 
briefly rocket launching equipment and installations. 

There are few criticisms to be made of the book: mis- 
printing in Chapter One of some of the symbols confuses the 
derivation of the equations somewhat, and the punctuation 
and purely descriptive passages throughout the book betray 
the intervention of a translator. Nevertheless, these criticisms 
detract little from the generally excellent presentation of the 
material. All in all, the book offers a lucid, concise and 
adequately comprehensive introduction to rocket  tech- 
nology which should be valuable to any serious student who is 
unfamiliar with the subject.—B. C. E. JONES. 


SMALL GAS TURBINES AND FREE PISTON ENGINES. 
Arthur W. Judge. Chapman and Hall, London, 1960. 328 pp. 
Illustrated. 48s. 

The latest of the author’s series on prime movers, this 
book is rather broader than the title indicates, since it is 
concerned with turbines of up to 1,500 b.h.p. output and with 
free piston sets of even greater output. About a half of the 
book is necessarily concerned with general descriptions of gas 
turbine features, drawing on wor!d-wide sources. The book 
is well illustrated with half as many figures as there are pages. 

The first four of the ten chapters, forming about a quarter 
of the book, give a brief history, an outline of the simple gas 
turbine arrangement, a short account of the basic thermo- 
dynamic cycles used and a discussion of the efficiencies which 
may be expected. The fifth and longest chapter is 
“Improving Small Gas Turbine Performance” and des- 
cribes heat exchangers, turbine cooling techniques and 
shaft arrangements which have been designed to overcome 
the low efficiencies and specific powers of the simpler 
arrangements. The sixth chapter surveys automobile tur- 
bines, here and abroad, and the seventh describes both the 
gas-generators and turbines of free-piston engines. The 
last three chapters deal with combustion and fuel systems, 
with materials and with typical gas turbine applications. 

The book does not deal with the fundamentals which the 
designer requires to solve his problems, but the text gives 128 
references to articles and books listed at the end of the volume 
and a large amount of existing design features is explained 
in the context of the designer’s problems.—Rk. G. VOYSEY. 


WINGS OVER WESTMINSTER—Britain’s Airlines in the 
Sixties. Edited by Tony Lucking. The Bow Group, 22 St. 
Giles High Street, W.C.2. 93 pp. Illustrated. 7s. 6d. 

“The failure of the British Government to grasp the 
fundamentals of air transport in the period 1918-1939 led 
directly to the creation of the British Overseas Airways 
Corporation" ’—Thus wrote an earnest and perspicacious 
American in a short essasy which deserves to be better known. 

One of the objects of the Bow Group pamphlet under 
review is to light the pathway of the current Minister of 
Aviation by presenting some of the fundamentals of airline 
and manufacturing economics for the benefit of policy- 
planners in the 1960s. The hope therefore is to avoid some of 
the errors of purpose and thinking which characterised the 
pre-war era. How far do the messages seem to be correct? 
And how far have they been effectively communicated ? 

There can be no sharp answer to either question because 
in many respects the pamphlet has been overtaken by events: 
— Both the manufacturing and the operating sides of the air 
transport industry have been subjected to massive com- 
binations of forces; 

— The Air Transport (Licensing) Act 1960 will set up a 
new Air Transport Licensing Board, and future operators 


2. e.g. On pages 36 and 37: there is no such thing as the Ait 


3. e.g. What can one do with un-named graphs whose ordi0- 


4. e.g. Some of the material on Page 24 creates the uneas) 


SEPTEMBER |, 


will need both an “‘air operator’s certificate” (for safety) 
an “air service licence” (for permission to operate); 

— The Air Corporations are cautiously Considering {,} 
extent of desirable partnerships with the Independents, a} 
B.E.A. are increasing key frequencies and Modifying {g 
timetables on internal routes. , 

All of these matters are either foreshadowed jn this 
pamphlet or are such as to cause great satisfaction to q, 
authors. They have caught the spirit of the times and \j, 
true poets, may be doomed to remain our unacknowledg; 
legislators. Whether these are the correct answers for jj, 
1960s only time can show. 

The economic analysis contained in the 93 pages js iy 
true source of energy for the “Wings” which are meant 
soar “over Westminster”. For this, the figures, diagrams api 
conclusions merit the closest study by the air trangpo, 
industry. But seldom has important material been hiddey 
inside such an unappealing package. The kindest conclusiq: 
is to assume that pressure of events dictated prematur 
publication and resulted in severe economies of typography 
and proof-reading. The pages are plastered with facty) 
blunders’ and textual absurdities’. One error (whic 
could have been avoided even if the authors had only rea 
the American essay referred to above) was unlucky enough 
provoke a libel action. All this is most unfortunate becaug 
many potential readers may get no further than discoverin 
their “‘pet mistake” and discard the remainder as inferential) 
worthless. 

In covering such a wide field it is tempting to guess hoy 
many of the seventeen chapters were written by differen 


ang 


hands. One unifying element of style has been the COM: | 
mendable emphasis on historical understanding of present 


events. But it might have been less irritating if the historical 
sketching was done as a separate and continuous story‘ 
A mere matter of personal taste perhaps. Like one of Jame 
Joyce’s characters, History is a nightmare from which we are 
all trying to awake. 
Three ideas for consideration by British aircraft manv- 
facturers will bear repetition: 
(i) The repair and overhaul of transport aircraft is worth 
investigating on a business footing. 

(ii) Greater attention should be paid to design for 
maintenance. 

(iii) More effort could be spared for “simplification” at the 
detail design level. 
No-one who has a serious interest in the British air 
transport industry can afford to ignore this booklet. But it 
requires patience to play or to ignore the game of “‘spot the 
error’’.—H. CAPLAN. 


1. R. D. S. Higham in Vol. 26 No. 1 Journal of Air Law and 
Commerce, Winter 1959, “The British Government and 
Overseas Airlines, 1918-1939, A failure of Laissez-Faire’. 


Traffic Agreement; the International Air Services Transi! 
Agreement is confused with the International Air Trans 
port Agreement; and the Fifth Freedom is incorrectly 
defined. Page 66—there does not seem to be any statutory 
bar to prosecutions of the type referred to. 


ates are also un-named and are not referred to in the text’ 
(Page 18.) 


feeling “ Haven’t I read this somewhere before?” Answer— 
Parts of it are echoed from Page 10. Similarly on Pages 
85 and 86—in relation to 36, 38 and 39; and 87-89 in 
relation to 7-9. True that the emphasis and purpose art 
different in each case. But it does not make for easy 
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ety) ay} THE IMPACT OF AIR POWER. Eugene M. Emme. D. van doubt, for—the U.S. Air Force and, in particular, for its Air 
) Nostrand, London, 1959. 915 pp. 79s. 6d. University. No doubt, the U.S.A.F. requires textbooks for its 
ing %} This is a study of the development of Air Power and of its staff colleges and other training establishments and these 
nts, ani) strategic implications based on written statements, abstracted books are, in the first instance, intended to meet this require- 
ing ky} fom many sources, of the leading authorities on the subject ment. While a comprehensive reference book of this 
inevery country. The objectives which Dr. Eugene M. Emme type can no doubt afford to be more long-winded for super- 
in thi} set himself in compiling this massive book were indeed vised staff college use than for more general reading, one 
t0 te} formidable but he has tackled them in that large-scale fashion is left with the feeling—particularly after reading through its 
nd lit! which is so characteristically American. Some idea of the half a million words!—that some compression would have been 
Vledges scope of this work of more than 900 pages can be gathered possible and have increased its usefulness to all potential users. 
for tx} from the chapter headings: The Evolution of Air Power, The main theme running through this study is the develop- 
The New Mobility, Classical Theories of Air Warfare, World ment of strategic bombing: initially very largely in Britain’s 
is te} War II, Lessons of World War II, Small Wars and Limited air arm (the first independent air force in the World on which 
ant » | Military Operations, Soviet Air Policy, American Air Policy, all others have since been largely modelled) ; later with R.A.F. 
ns ani} Air Power in Europe and Asia, Problems of Defense and Bomber Command and the various U.S.A.A.F. Bomber 
nspor | Diplomacy, and Astronautics and the Future. The material Commands during the Second World War; and, most 
hidden } js basically classified chronologically within the broad recently, mainly with the U.S.A.F. Strategic Air Command. 
usin | pattern set by these headings and each chapter is prefaced by a The means whereby strategic bombing developed into the 
hatur |} commentary by the editor which effectively highlights the prime arbiter of war and has now made full-scale war im- 
raphy} main evolutionary steps in both theory and practice, draws practical as an instrument of international policy is clearly 
actul | together the lines of argument developed in the abstracts and explained. The continuation of this development into the 
Whics | provides continuity to the whole. missile and, later, space ages is then the subject of a number 
Tea This book should, indeed, be invaluable to all students of of most enlightening abstracts. A particularly interesting 
gh to military aviation, although perhaps more to those at staff chapter deals with Soviet Air Policy, particularly in relation 
Cau} colleges than to historians. It should also prove useful to all to bombing. The significant point is brought out that the 
ering} who have responsibilities for planning and formulation of Russians—like the Germans before them—have always been 
tial) policy in the sphere of defence. The process of policy- against the independent air force concept and have tended to 
framing after all consists, in its essence, of :— think almost exclusively in terms of using air forces in close 
how 1. Comprehensively surveying past history, the current “= -. of ground open ions. Even during the past few 
rene . d years, since they have built up a nuclear stockpile of their 
P Pp own, the Soviets have continued in their public pronounce- 
sent 2. Explaining, simplifying and abstracting these to ments to discount the importance of the independent strategic 
tica)| Produce statements of fundamentals and principles. P use of aircraft or missiles. As the well-chosen selection 
y! 3. These, interpreted, correlated and consolidated result in this chapter shows, this public attitude has almost cer- 
ime} in theories which tainly now become a propaganda tool as well as a security 
are 4. Understood, tested and applied lead to future policies. screen to the poised Russian bombers and missiles which 
The Impact of Air Power provides much of the raw constitute the blow and/or counter-blow of their deterrent. 
inl-} material required for part 1 of this process as applied to No doubt Russian policy-making and planning in the use 
military aviation. Dr. Emme’s commentaries and carefully of strategic air weapons is now paralleling that in the West— 
th } selected abstracts go some way in part 2 of the process. even though they do not talk about it. Probably this book, 
The persistent reader is thus well on the way towards com- translated, suitably annotated and republished in Russia, 
for} pleting the process with stages 3 and 4. Persistence and has by now become a widely-used work of reference in the Staff 
time are, however, most certainly needed in using this book. Colleges of the Soviet Air Force! If so, it should do much to 
the | According to a statement on the dust cover, The Impact of Air emphasise, among the responsible professionals concerned 
Power, is “‘part of a great air force publishing programme” on the far side of the Iron Curtain as on this, the fundamental 
ait} which includes Goldberg’s History of the U.S.A.F. and nature of the long-term trend in the development of air/space 
fit} Heflin’s U.S.A.F. Dictionary, while it is apparent from the weapons which is rapidly making actual total war—as 
he | appointments of the editors and of some of their contributors distinct from the threat of it—out-of-date as a means of 
that these books have been produced largely by—and, no settling differences between nations.—PETER W. BROOKS. 
nd 
Additions to the Library(see also, p. Notices) 
it AGARD Flight Test Manual. Four Volumes (Perform- sale and have developed a means of ensuring that 
it ance, Stability and Control, Instrumentation Catalog, users receive new material as it becomes available. 
s Instrumentation Systems). Second Edition. Edited by Artificial Earth Satellites. L. V. Kurnosova (Editor). 
: C. D. Perkins et al. Pergamon (for Agard), Oxford, York. 107 pp. Illustrated. 
1959. Each volume paginated by sections. £50 for 10 ve reviewed. 
? a oe fourth in 1957. They were Angeles. 1960. 21 pp. No price. Talk by the ’Presi- 
: y to selected recipients - NATO dent of American Airlines to the A.W.A. He deals 
superficially wth’ most ofthe problems basting at 
also circulated from time to time, but with the Second 
; Edition, incorporating all these amendments and much supersonics—from the American view. ‘ 
new material “ bringing it up to date as of the fall of Exploration of Space, The. Robert Jastrow (Editor). 
1959,” the distribution is now on a commercial basis. Macmillan, New York. 1960. 157 pp. Illustrated. 
Pergamon Press are publishing the volumes for public 38s. 6d. To be reviewed. 
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Fighter Aircraft of the 1914-1918 War. W. M. Lamber- 
ton and E. F. Cheesman. Harieyford, Letchworth. 
1960. 224 pp. Illustrated. 45s. To be reviewed. 

Flight Without Formulae. 3rd Edition. A.C. Kermode. 
Pitman, London. 1960. 291 pp. Diagrams. Illustrated. 
21s. Well-known in its two previous editions as a 
descriptive explanation of how an aeroplane flies, this 
book first appeared twenty years ago. The author’s 
introduction, to this third edition, of such subjects as 
wave drag, sweepback for transonic speeds, vortex 
generators, area rule, sonic bangs and aircraft shapes 
for supersonic flight has again been achieved without 
any mathematics. The book remains one of the 
simplest introductions to the principles of flight. 

Gasturbinen, Arbeitsweise, Gestaltung und Anwendung. 
K. Leist. Technische Rundschau, Bern. 1959. 55 pp. 
Illustrated. DM. 5.80. A special number of the Swiss 
technical review journal Technische Rundschau (No. 
48, 1957) revised and brought up to date to 1959. It 
describes the operation, construction and applications 
of gas turbines to ships, motor cars, locomotives, aero- 
planes and power stations. There is a literature review, 
mostly derived from the technical press. 

Heat Transfer. A. J. Chapman. Macmillan, New York. 
1960. 452 pp. Diagrams. 63s. To be reviewed. 

Interplanetary Flight. A. C. Clarke. Second Edition. 
Temple Press, London. 1960. 144 pp. 12s. 6d. In 
1950, when the first edition appeared, “this excellent 
little book ’” was reviewed by the present Chairman of 
the Society’s Astronautics and Guided Flight Section. 
He described it as “well written and would be read 
with interest and enjoyment by any layman... . 
However, the particular appeal will be to the technical 
man who feels he would like to know something of 
the scientific basis of the claims, so often made now, 
for the feasibility of spaceflight.” Now that the 
“ feasibility’ has become reality, an entirely revised 

and enlarged edition has appeared, containing a new 
chapter “Earth Satellites and Lunar Probes” and 
much other new material. 

Introduction to the Theory of Aircraft Structures, An. 

D. Williams. Arnold, London. 1960. 448 pp. 
Diagrams. 60s. To be reviewed. 
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Jahrbuch der Luftfahrt 1960. K-F Reuss (Editor) 
Sudwestdeutsche Verlagsanstalt. Mannheim, 196) 
416 pp. 33s. This is a useful handbook as a guide 
the industry, personalities and technical side of ger. 
nautics in Germany. 

Ordinary Differential Equations and Their 
George M. Murphy. Van Nostrand, London. 19) 
451 pp. 64s. To be reviewed. 

Plastics Progress 1959. P. Morgan (Editor). Lliffe, London 
1960. 216 pp. Illustrated. 55s. Presents the technic 
papers read at the International Plastics Convention 4 
Olympia June 1959. The papers include reports of 
new work on polypropylene, epoxides, crosslinking of 
thermoplastics, graft and, block copolymers, expandej 
plastics and extrusion. It also contains a survey—from 
experts in Europe, the United States and the Unite) 
Kingdom—of recent thinking in the glass reinforce 
plastics fields. The texts of the papers are considerably 
longer than the versions which authors had time jp 
present at the Convention itself and the review of the 
discussions which followed them is also included. 

Report on the 12th Annual International Air Safe) 
Seminar. O. E. Kirchner. Flight Safety Foundation, 
New York. 1959. 75 pp. The seminar was held in 
conjunction with the Section d’Etudes et de Coordina- 
tion S.A.R. at Nice in October 1959. The compiler is 
with Boeing and he covers 10 aspects with a total of 
34 papers. The broad headings are Medical Specialists 
conference, flight fatigue, accident investigation, opera- 
ting problems research, airline safety organisation, 
mid-air collisions and air traffic control, manufacturers 
safety organisation, survival at sea, airport operations, 
jet operations and training and search and rescue-crash 
beaconry. 

Structural Mechanics: Proceedings of the First Sym- 
posium on Naval Structures Mechanics. Prof. J. N. 
Goodier and Prof. N. J. Hoff. Pergamon, Oxford. 
1960. 598 pp. Illustrated. 70s. To be reviewed. 

World Aviation Directory. Marion E. Grambow (Editor). 
American Aviation Publications, Washington. 1960. 
1083 pp. 11$. Although this directory must have a 

limited market in this country its coverage to those 
who need it is invaluable. 


Reports 


AERODYNAMICS 
BouNDARY LAYER 


L. Roberts. 
N.A.S.A. T.R. R-8. 

A simplified analysis is made of mass transfer cooling—that is, 
injection of a foreign gas—near the stagnation point for two- 
dimensional and axisymmetric bodies. The reduction in heat 
transfer is given in terms of the properties of the coolant gas 
and it is shown that the heat transfer may be reduced consider- 
ably by the introduction of a gas having appropriate thermal 
and diffusive properties. The mechanism by which heat trans- 
fer is reduced is discussed.—(1.1.1.4 x 1.9.1). 


Stagnation-point shielding by melting and vaporization.  L. 
Roberts. N.A.S.A.T.R. R-10. 1959, 

An approximate theoretical analysis is made of the shielding 
mechanism whereby the rate of heat transfer to the forward 
stagnation point of blunt bodies is reduced by melting and 
vaporisation. General qualitative results are given and a 
numerical example, the melting and vaporisation of ice, is 
presented and discussed in detail.—(1.1.1 x 1.9.1). 


Analysis of turbulent flow and heat transfer in noncircular 
passages. R. G. Deissler and M, F. Taylor. N.A.S.A. T.R. 
R-31. 1959. 

Previous work on turbulent heat transfer and flow in tubes was 
generalised and applied to flow in noncircular passages of 
equilateral triangular and square cross section. Expressions for 
eddy diffusivity that had been verified for flow and heat trans- 
fer in tubes were assumed to apply in general along lines 
normal to a wall. Velocity distributions, wall shear-stress 


Mass transfer cooling near the stagnation point. 
1959. 


distributions, friction factors, wall heat-transfer and tempera- 
ture distributions, and average heat-transfer coefficients were 
calculated. The peripheral temperature variation was assumed 
small compared with the variation of temperature across the 
passage.—(1.1.2.1 x 34.3). 


A study of the asymmetric transonic flow past a sharp leading 
edge. H. A. Stine et al. N.A.S.A. T.R. R-66. 1960. 
Experimentally-determined features of the flow field about the 
leading edge of a 12° wedge with lower surface at an angle of 
13° with respect to the stream and with nearly choked flow 
in the wind tunnel are compared with the calculated features 
corresponding to unbounded flow past the same body at 2 
Mach number of exactly unity—(1.1.2.3 x 1.2.2.2 x 1.4). 


Investigation by schlieren technique of methods of fixing fully 
turbulent flow on models at supersonic speeds. M. W. Jackson 
and K. R. Czarnecki, N.A.S.A. T.N. D-242. April 1960. 

An investigation was made on the effects of two-dimensional 
wire and three-dimensional granular roughnesses on transition 
on a 27° cone at a free-stream Mach number of 2:20 and an 
angle of attack of 0° over a tunnel Reynolds number range of 
about 1:0 10® to 7:0x 10®.—(1.1.2.4). 


The boundary-layer transition characteristics of two bodies of 
revolution, a flat plate, and an unswept wing in a low-turbw 
lence wind tunnel. F. W. Boltz et al. N.A.S.A. T.N. D-309. 
April 1960. 

An investigation was conducted in the Ames 12 ft. low-turbu- 
lence pressure tunnel to determine the boundary layer transition 
characteristics of two bodies of revolution (fineness ratios 7°5 
and 9-0), a flat plate, and an unswept wing (N.A.C.A. 642A015 
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section) at subsonic speeds. Included in the investigation was 
q survey of the tunnel turbulence and sound levels using a 
hot-wire anemometer and a condenser microphone.—(1.1.2.1 x 
11.2.2 x 1.5.1.4 x 1.12.1.1). 


Boundary layer separation effects on the static stability of a 
flared-tail missile configuration at M=2 to 5. J. D. Gray. 
AE.D.C-T.N.-60-103. June 1960. 

Force and pressure measurements with a blunt-cone, cylinder- 
frustum configuration at M=2 to M=5 were made over a wide 
Reynolds number range to investigate the effects of boundary 
layer separation on the static stability parameters.—(1.1.4.4 x 


1.8.2.2). 


COMPRESSIBLE FLOW see also BOUNDARY LAYER 
CONTROLS 
FLurip DyNamMIcs 
AIRCRAFT OPERATION 


Conical flow parameters for air in dissociation equilibrium. 
M. F. Romig. Convair Sc. Res. Lab. Res. Rep. 7. May 1960. 
The Taylor-Maccoll equation describing supersonic flow about 
cones has been integrated numerically for cone semi-vertex 
angles from 20° to 50°, velocities from 10,000 to 32,000 ft./sec., 
free stream pressures from 10-4 to 10-! atmospheres, and a 
nominal free stream temperature of 491-7°R (273°16°K). The 
air between the shockwave and the body is assumed to be 
in instantaneous thermal and chemical equilibrium.—(1.2.3.2). 


Spherical explosions and implosions. D. W. Boyer. U.T.1.A. 
Report 58. Nov. 1959. 

An experimental investigation has been made of the explosions 
of 2-inch diameter glass spheres under high internal pressure. 
The spheres were initially filled with air or helium at 400 
lb./in.2 and 326 Ib./in.* respectively, and were exploded in air 
at atmospheric pressure. Experiments on the simulation of 
high altitude explosions were also performed by a suitable 
scaling of the initial sphere and external gas pressures.— 


(1.2.0.2). 
ContROLS see also ExTRA-ATMOSPHERIC TECHNOLOGY 


Pressure distributions and aerodynamic. characteristics of 
several spoiler controls on a 40° sweptback wing at Mach 
number of 1°61. . J. Landrum and R. Czarnecki. 
N.A.S.A. T.N. D-236. April 1960. 

An investigation was made to determine the characteristics of 
a series of five spoiler controls on a sweptback wing having 
an aspect ratio of 3-1 and a taper ratio of 0-4. Wing angle-of- 
attack range was —15° to 15°. The spanwise loadings and 
integrated lift, bending moment. and pitching moment coef- 
ficients are also presented.—(1.3.8 X 1.2.3.2 X 1.6.1 X 1.10.2.2). 


A lifting line theory of the jet flapped wing. Y. A. Yoler. 
Boeing Doc. D1-82-0042. Jan. 1960. 

It is proposed to represent the performance characteristics of 
thin wings with jet flaps emerging at their trailing edges in 
terms of a pair of bound substitution vortices. located at the 
one-quarter and three-quarter chord points, and the associated 
system of shed vorticity.—(1.3.4 X 1.3.6 X 1.10.1.1). 


DyNaMIcs see also BOUNDARY LAYER 
AIRCRAFT OPERATION 


On convected turbulence and its relation to near field pressure. 
J. E, F. Wiiliams, U.S.A.A. Report 109. June 1960. 

The problem examined is that of analysing a convected field 
of turbulence with respect to axes which move with the local 
flow convection velocity. The general analysis is restricted to 
homogeneous turbulence convected with a uniform velocity but 
some of the results are applicable to shear flows. Experimental 
techniques for measuring the velocity of convection are dis- 
cussed together with some implications of Taylor’s hypothesis. 
Some properties of the acoustic sources in convected turbulence 
are considered and particular reference is made to jet mixing 
regions. A crude estimation of the frequency spectrum of 
Noise sources at a certain position in the jet is attemvted from 
observations of the hydrodynamic field close to that point. 
—(1.4.2 x 5.6). 


The structure of a centred rarefaction wave in an ideal disso- 
ciating gas. J.P. Appleton. U.S.A.A. Rep. 136. April 1960. 
The effect of finite rates of molecular dissociation and atomic 
fecombination on the structure of a centred rarefaction wave 
in an ideal dissociating gas is studied theoretically. By using 
the method of characteristics, the equations describing the flow 
are solved numerically for one particular set of initial con- 


ditions. From the results of the theoretical analysis and the 
numerical computations, the possibility of experimental work 
on this flow configuration is discussed.—(1.4 X 1.2.3.2). 


A simple method for the analogue computation of the mean- 
square response of airplanes to atmospheric turbulence. 
B. Etkin. U.T.1.A. T.N. 32. Jan. 1960. 

The mean square response of an aeroplane to random atmo- 
spheric turbulence is, with certain restrictions, given approxi- 
mately by the integral of the square of the response to the 
transient input function Ae~-y'. The values of A and y are 
fixed by the intensity of the turbulence and the ratio of aero- 
plane size to turbulence scale. This result is ideally suited to 
the calculation of mean-square response on analogue com- 
puters.—(1.4.2 x 1.6.3). 


LoaDs see CONTROLS 
FLuip DyNaMIcs 


PERFORMANCE see ExTRA-ATMOSPHERIC TECHNOLOGY 


FLIGHT TESTING 


STABILITY AND CONTROL see BOUNDARY LAYER 


ExTRA-ATMOSPHERIC 
TECHNOLOGY 
AVIATION MEDICINE 

FLIGHT TESTING 


THERMO-AERODYNAMICS see BOUNDARY LAYER 
WINGS AND AEROFOILS see CONTROLS 


TESTING AND INSTRUMENTS see BOUNDARY LAYER 


INTERNAL FLOW see BOUNDARY LAYER 


AIRCRAFT 
See AIRCRAFT OPERATION 
FLIGHT TESTING 
PROPELLERS 


DESIGN AND CONSTRUCTION 
See AIRCRAFT OPERATION 
AIRCRAFT OPERATION 


See also AERODYNAMICS—FLUID DYNAMICS 
AVIATION MEDICINE 
FLIGHT TESTING 
FUELS AND LUBRICANTS 
POWER PLANTS 
PROPELLERS 


Aspects of insect contamination in relation to laminar flow 
aircraft. G.V. Lachmann. C.P. 484. 1960.—(5 X 1.1.1.2). 


Simulation of visual flight, with particular reference to the study 
of flight instruments. J.M. Naish. C.P. 488. 1960. 

The pilot’s forward view in flight is discussed with a view to 
formulating the requirements for a visual background, to be 
used in the study of flight instruments. Systems of visual flight 
simulation are reviewed. Night or day conditions may be 
simulated and the visibility range is variable, but vertical ground 
features are not included. Details of construction are given 
and values presented for the chosen field of view, scale and 
viewing distance. Picture quality for the moving scene is 
discussed in relation to the essential characteristics. Tolerances 
or values are indicated for these parameters and brief economic 
details are given.—(5 X 18 X 9 x 32.2.4). 


A flight investigation into the persistence of trailing vortices 
behind large aircraft. T.H. Kerr and F. Dee. C.P. 489. 1960. 
A flight investigation into the persistence of the trailing vortices 
has been made by flying a Devon in the wake of a Lincoln. 
The tests were made in the clean and flaps down configurations. 
The flight results have been compared with the available 
theoretical work.—(5.3 X 13 X 1.4.3). 


Methods of indicating a glide path by visual means. 
Sparke. C.P. 502. 1960. 

The requirements for visual glidepath indicator systems are 
defined and possible theoretical ways of meeting these require- 
ments are considered, The extent to which recently developed 
equipment meets the requirements is discussed.—(5.5). 


X-15 research aircraft emergency escape system. J. F. Hegen- 
wald et al. A.G.A.R.D. Report 243. May 1959. 

The design and development of an emergency escape sub- 
system which is compatible with the configuration and mission 
profiles of the X-15 Research aeroplane are described. Require- 
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ments, component descriptions, performance characteristics, 
diagrams, and photographs are included.—(5.3 x 3.13 x 4.2.1). 


Zur Frage der Héhenstaffelung von Flugzeugen. H. Koppe. 


D.F.L. Bericht 130. 1960.—{5.3 X 1.8). 


Ground measurements of airplane shock-wave noise at Mach 
numbers of 2.0 and at altitudes to 60,000 feet. L. J. Lina and 
D. J. Maglieri. N.A.S.A. T.N. D-235. March 1960. 

Measurements of sonic-boom intensities were made for flights 
at altitudes to 60,000 ft. and Mach numbers to 2.0. The 
Measurements were made on the ground near the flight tracks. 
Effects of altitude, flight path angle, Mach number, and 
atmospheric refraction at the cutoff Mach number were investi- 
gated. The effects of aeroplane size and weight were deter- 
mined by a comparison of measurements made from one flight 
of a supersonic bomber with data for the supersonic fighter 
which was used for most of the tests.—(5.6 X 1.2.3.2 x 3.6 x 24). 


A summary of operating conditions experienced by two heli- 
copters in a commercial and a military operation. A. B. 
Connor and L. H, Ludi. N.A.S.A. T.N. D-251. April 1960. 
The flight conditions under which a helicopter engaged in 
airmail and passenger operations and a helicopter engaged in 
a military tactical evaluation were operated are presented. 
Tables and graphs present the results—(5.1 x 3.9 4.4.1). 


EXTRA-ATMOSPHERIC TECHNOLOGY 
See also INSTRUMENTS AND EQUIPMENT 


The relationship of secular variations of orbital elements to air 
drag. P. E. El’Yasberg. R.A.E. Lib. Trans. 893. April 1960. 
The changes in the orbital elements of an earth satellite 
resulting from the action of air drag during one revolution of 
the satellite are derived. The results are expressed in terms 
of Bessel functions.—(8.2 x 22). 


On the perturbations of the orbits of artificial satellites induced 
by air drag. Yu. V. Batrakov and V. F. Proskurin. R.A.E. 
Lib. Trans. 897. April 1960. 

The first-order perturbations to the orbit of a satellite caused 
by air drag in the course of one revolution are derived. A 
numerical example is given.—(8.2). 


The orientation of Sputnik 2 in space. 
R.A.E. Lib. Trans. 899. May 1960.—(8.2). 


Some results of the measurement of the spectrum mass of 
positive ions by the 3rd artificial earth satellite. V.G. Istomin. 
N.A.S.A, T.T. F-7. April 1960. 

The radio frequency mass-spectrometer installed in the third 
satellite registered positive ions with mass values of 32, 30, 28, 
18, 16, and 14 which were identified as single charged ions of 
molecular oxygen, nitrogen oxide, molecular nitrogen, atomic 
oxygen, and atomic nitrogen, respectively. The data obtained 
ranged from altitudes of 225 to 980 kilometers and latitudinal 
intervals of 27° to 65° north latitude. Certain patterns in the 
changing composition of the ionosphere with altitude and geo- 
graphic latitude have been discovered.—(8.1 X 18.1 x 32.2 x 24). 


“ Artificial earth satellites” No. 3. 1959. N.A.S.A. T.T. F-8. 
April 1960. 

Abstracts are presented of 13 articles on artificial earth satellites 
and related subjects, which comprise the third of a series of 
publications by the Academy of Sciences U.S.S.R., titled 
“ Iskusstvennyye Sputniki Zemli,” No. 3, 1959.—(8.2). 


The capture problem in the three-body restricted orbital prob- 
lem. V. A. Yegorov. N.A.S.A. T.T. F-9. April 1960.—(8.2). 


Some results of the determination of the structural parameters 
of the atmosphere using the third Soviet artificial earth satellite. 
V. V. Mikhnevich et al. N.A.S.A. T.T. F-13. May 1960. 
Part of the results of the determination of the density of the 
atmosphere, which were obtained from manometer measure- 
ments on the third Soviet artificial satellite, are studied.— 
(8.1 x 18.1 x24). 


The manometer error caused by small leaks in the casing of a 
satellite. S.A. Kuchay. N.A.S.A.T.T. F-14. April 1960. 

On the basis of assumptions concerning the source of leaks, 
the gaseous surroundings, and the laws pertaining to the 
scattering of molecules, a study is made of manometer errors 
caused by leaks in the casing of a satellite. The results permit 
formulation of qualitative requirements for sealing satellites 
to avoid excessive error.—(8.2 X 18), 


V. M. Grigorevskii. 


The variation and control of range traveled in the atmosphere 


by a high-drag variable-lift entry vehicle. 
etal. N.A.S.A.T.N. D-230. March 1960. 


The effect on range of such factors as entry angle, angle y | 
attack, wing loading, initial velocity, orbital heading, and init, } 
latitude was investigated. Results were also presented whig, | 
show the feasibility of an automatic control which regula, | 


angle of attack in such a manner as to control the trajectory 
the vehicle to a desired landing area.—(8.2 X 1.7). 


Exploratory statistical analysis of planet approach-phase gyi. 


ance schemes using range, range-rate, and angular-rate measyy. } 
N.A.S.A, TN, 


ments. D, P. Harry and A. L. Friedlander. 
D-268. March 1960.—(8.2 X 1.3.6 X 25.1). 


An analysis of the impact motion of an inflated sphere landinp 
vehicle. E. D, Martin and J. T. Howe. N.A.S.A. T.N, D-3\i 
April 1960. 

An inflated sphere landing vehicle is described. The moti 
of the vehicle during impact on a hard surface is analysed 9 
the assumption that the inelastic, but flexible, skin maintains ; 
truncated spherical shape. From the analysis are obtained th 
requirements and capabilities of the system and curves descrip. 
ing the motion.—(8.2 X 33.1.2 x 33.2.4.11). 


Gas dynamics of an inflated sphere striking a surface. J.T 
Howe and E. D. Martin, N.A.S.A. T.N. D-315. April 196 
A method for predicting the motion of an inflated spher 
striking a hard surface has been developed in which the effec; 
of the wave structure in the inflating gas is considered. The 
method predicts maximum acceleration, velocity during impact, 
and space-time trajectory of the top of the skin. The effects of 
the presence of an atmosphere are considered. The required 
size of a sphere that will not exceed a specified allowable 
acceleration is determined. Results of 52 examples are given 
for a wide range of initial conditions ——(8.2 X 33.1.2). 


Catalogue of hourly meteor rates. C.P. Olivier. Smith. Cont. 
to Astro. Vol. 4, No. 1. . ; 
The average hourly rates of visual meteors for each night of 
the year. based on data for a period of 58 years, from 1901 to 
1958 inclusive, are presented.—{8.1). 
Geodetic uses of artificial satellites. G. Veis. Smith. Cont. to 
Astro. Vol. 3, No.9. 1960. ; 
The geodetic methods heretofore applied to the data provided 
by the artificial satellites have been based on a dynamic 
approach. Another way of using the satellites in geodesy is 
presented.—(8.1). 


The meteoric head echo. A. F. Cook and G. S. Hawkins. 
Smith. Cont. Astro. Vol.5. No.1. 1960. 

The hypothesis that the meteoric head echo is due to ultra 
violet ionising radiation from the meteor, and the subsequent 
dissociative recombination of the molecular ions and electrons 
produced are examined. It is shown that molecular oxygen is 
probably the ionised constituent. The hypothesis is examined 
quantitatively and a recombination coefficient of approximately 
2X 10-5 cm’ for molecular oxygen ions is deduced.—(8.1). 
On the structure of the sunspot zone. B. Bell. Smith, Cont. 
Astro. Vol.5. No.3. 1960. 

Published data on the magnetic field strengths and numbers of 
sunspots for the years 1917-1958 are used to study the structure 
of the sunspot zone as a function of heliographic latitude. 
Some evidence is presented in favour of the hypothesis that 
several zones of activity develop in each solar hemisphere, and 
that these zones remain stationary in latitude and are just 
sufficiently out of phase to simulate the latitude shift over the 
solar cycle described by Spoerer’s law. A caterpillar diagram 
is proposed to supplement the butterfly diagram.—(8.1). 


The problem of escape from satellite vehicles, C. V. Carter 
and W. W. Huff. A.G.A.R.D. Report 242. May 1959. 
Certain problems associated with the design of escape systems 
for manned satellite vehicles are presented. Specific problem 
areas considered are escape before take-off, during boost at 
high dynamic pressure, during exit from the atmosphere and 
entry to the atmosphere, and during orbit. Design procedures 
are presented which can be used to determine a satisfactory 
escape system configuration —(8.2 x 1.8.0.1). 
Pilot's role in space flight. C. B. Westbrook. A.G.A.R.D. 
Report 252. Sept. 1959. 
The capabilities of man as an actuator, sensor, computer, and 
as a part of a complete control system are discussed and con- 
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gona or could be performed by the man.—(8.2 x 9). 


THE LIBRARY—REPORTS 


rmed as to man’s strong and weak points. Several 


en ch contribute to a change in thinking regarding 


factors whi 


} flight control in space missions are reviewed. The phases of a 


lunar soft landing mission are then reviewed to determine what 
hould or must be performed automatically and what 


AVIATION MEDICINE 


see also AIRCRAFT OPERATION 
ExTRA-ATMOSPHERIC TECHNOLOGY 


In-flight measurement of the time required for a pilot to respond 
to an aircraft disturbance. H. A, Kuehnel. N.A.S.A. T.N. 
D-221. March 1960. 

Human-pilot reaction time in response to lateral and longitu- 
dinal aircraft disturbances has been measured in flight with a 
jet-powered trainer aeroplane.—(9 X 5 X 1.8.0.1). 


ELECTRONICS 


The design and evaluation of a six channel, D-C coupled, 
transistorised galvanometer driver amplifier with current 
limiters. W.M. Crouch. A.E.D.C.-T.N.-60-96. June 1960. 
A dc. amplifier to drive recording galvanometers and to work 
with analogue magnetic tape systems has been designed.—(11). 


An electronic multiplier. B. Jiewertz. S.A.A.B. T.R.5. Sept 1958. 
The performance and some design details of a time-division 
electronic multiplier are described. It has a multiplying error 
of about 0-1 per cent (referred to a maximum output signal 
of 100 volts) within a passband of about 3 Hz.—(11 X 22.1). 


FLIGHT TESTING 
See also AIRCRAFT OPERATION 


A flying-qualities study of a small ram-jet helicopter. A. B. 
Connor and R. J, Tapscott. N.A.S.A. T.N. D-186. April 1960. 
Flight tests and pilots’ opinions extend the range of flying- 
qualities information to a very small helicopter. The ratios of 
control power to inertia and of damping to inertia were higher 
than those for helicopters studied previously and resulted in 
generally satisfactory handling qualities —(13.2 X 3.9). 


A flight investigation of an acceleration restrictor. A. Assa- 
dourian and D. L. Mallick. N.A.S.A. T.N. D-241. April 1960.— 
(13.2 X 1.8.2 X 5.3). 


Experience of supersonic flying over land in the United King- 
dom, T. H. Kerr. A.G.A.R.D. Report 250. Sept. 1959.— 
(13x 5.3 x 5.6). 


Airspace requirements for flight testing. 
A.G.A.R.D. Report 249. Sept. 1959. 

The need for the establishment of separate air spaces for 
supersonic testing and the major factors to be considered are 
discussed. Organisation and control facilities of the two main 
supersonic air spaces in the United States are described. A 
proposed site for a new supersonic air space, is made, although 
none of the three sites is considered ideal.—(13 X 5.3 X 5.6). 


N. L. Wener. 


E. F. Godfrey. 


Measurement of aircraft moments of inertia. 
A.G.A.R.D. Report 248. Sept. 1959. 
Experiments for deducing stability derivatives from flight test 
data, using measured values of the moments and product of 
inertia of an aeroplane, are described. The man power 
required for such experiments is examined and recommenda- 
tions are made for further tests.—(13.2 X 1.8.0.2). 


Low speed flight investigation on the Avro 707A. P. B. Atkins. 
A.R.L. Note F.26. July 1959.—(13.3 x 13.2 x 1.7). 


FUELS AND LUBRICANTS 


See also INSTRUMENTS AND EQUIPMENT 
POWER PLANTS 


Lubricating oils for aviation gas turbines. V.V. Panov and 
Yu. S. Sobolev. N.A.S.A. T.T. F-21. May 1960. 

The ultimate serviceability of gas turbine engine lubricating oils 
Is assessed on the basis of results of tests on individual fric- 
tional assembly installations of engines and on_ full-scale 
engines. In certain cases oils are tested under in-flight con- 
ditions.—(14.2 x 27.1). 


Free fall and evaporation of J.P.-1 jet fuel droplets in a quiet 
— H. H. Lowell. N.A.S.A. T.N. D-199. March 


An analytical investigation was made in which the actual fuel 
was simulated by a mixture of ten hydrocarbon fractions having 
different boiling points. Results (applicable to the provlem 
of the dispersal of jettisoned jet fuel) were obtained for many 
combinations of initial droplet diameters from 250 to 2,000 
microns, jettisoning altitudes from 3,000 to 13,000 ft., and sea- 
level air temperatures from — 30° to 45°C.—(14.3 x 34.1.1 x 5.3). 


INSTRUMENTS AND EQUIPMENT 


See also AIRCRAFT OPERATION 
ExTRA-ATMOSPHERIC TECHNOLOGY 


Stability of deflection and zero position of ribbon and taut 
ribbon suspension systems. E. Samal. R.A.E. Lib. Trans. 895. 
May 1960. 

Instabilities and slow drifts occur in ribbon suspensions of 
meter movements. An analysis is made of these effects, show- 
ing a large number of different factors which contribute to 
instabilities. A summary is given of experimental results. The 
influence of the ribbon material, loading, temperature and time 
on ribbon suspensions is illustrated by diagrams.—(18.1). 


Methods for the control of interfering currents originating at 
the input of an electrostatic fluxmeter during its operation in a 
conducting medium. 1. M. Imyanitou and Ya. M. Shvarts. 
N.A.S.A.T.T. F-16. May 1960. 

Several methods are discussed. One method uses a synchron- 
ous detector at the output of the measuring circuit, another 
involves designing the measuring and screening plates so as to 
decrease both the modulation of flow of charged particles and 
the absolute value of current falling on the surface of the 
measuring plate. A third method suggests use of negative 
feedback on the noise voltage.—(18.1 X 8.2). 


Performance study of a piston-type pump for liquid hydrogen. 
A. E. Biermann and W. G. Shinko. N.A.S.A. T.N, D-276. 
March 1960. 

Data covering the performance of a low-speed, submerged, 
piston-type pump for handling boiling hydrogen are presented. 
Tests were made with J.P.-5 fuel, liquid nitrogen, and liquid 
hydrogen at flows up to 78 gal./min., speeds to 360 r.p.m., and 
with pressures to 130 lb./in.2 gauge.—(18 x 14.3). 


A transistorized galvanometer current limiter. P. L. Clemens 
and R. L. Ledford. A.E.D.C.-T.N.-59-110. Nov. 1959. 
Design, operating characteristics, and typical applications of 
a newly developed, transistorised, galvanometer current limiter 
are described. The limiter, which provides continuously variable 
adjustment of maximum permissible galvanometer current, has 
but small effect on other characteristics of the instrumentation 
system within which it is used (i.e., accuracy, linearity, and 
frequency response).—(18.1). 


MATERIALS 
See also PROPELLERS 


Dislocations and twinning in graphite. A.J. Kennedy. C.o.A. 
Report 130. April 1960.—(21.1). 


An investigation of the role of gaseous diffusion in the oxidation 
of a metal forming a volatile oxide. J. L. Modisette and D. R. 
Schryer. N.A.S.A.T.N. D-222. March 1960. 

A theoretical analysis of the oxidation rate of a metal forming 
a volatile oxide indicates diffusion of oxygen to the metal sur- 
face to be a rate-controlling factor. The oxidation rate of 
one such metal, molybdenum, has been measured in the temper- 
ature range 1,945°R. to 2,959°R. in a flowing gas stream. A rate 
equation correlating these factors for temperatures at which the 
oxide is gaseous has been derived.—(21.1). 


Reflexions sur les informations connues sur la resistance des 
fibres de verre. G. Dixmier. A.G.A.R.D. Report 247. April 
1959. (In French). 

Only recently has it become possible to use strong bonded 
fibres for making mechanical parts, which are just as strong 
and almost as rigid, weight for weight, as the same parts pro- 
duced from the usual materials, steel and light alloys. Glass 
and pure silica filament are discussed.—(21.3.3). 


Contribution a l'étude du phénoméne de Portevin-Le Chatelier. 
J. Caisso. Pubs. Sc. et Tech. 357. 1960. (In French).—{21.2). 


Influence du vieillissement sur les propriétés physiques et 
mécaniques des stratifiés en tissus de verre-résine polyester. 
A, K. lablokoff and M. Hédiard. O.N.E.R.A. N.T. 59. 1960. 
(In French).—(21.3.3). 
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The effects of cold bending and of annealing on the properties 
of tungum alloy tubing. K. J. Jackson and F. G. Lewis. A.R.L. 
Note M.E.T. 12. Nov. 1959. 

Tungum tubing supplied to specification D.T.D. 323A was sub- 
jected to cold bending and annealing tests. The correct anneal- 
ing temperature range for tungum lies between 650° and 750°C. 
but at the upper end care is required to avoid undue grain 
coarsening which is accompanied by severe softening of the 
material and loss of tensile strength and ductility —(21.2.2). 


MATHEMATICS 


See also ExtTRa-ATMOSPHERIC TECHNOLOGY 
ELECTRONICS 


Dynamics of fuel in tanks. J, W. Addington. C.o.A. Note 
99. Jan. 1960. : 

The validity of the available theory in determining the natural 
frequency of the fundamental fuel sloshing mode in a rec- 


tangular tank was experimentally investigated.—(22.2 X 33.1.2). 


The stability (based on linear approximation) of the periodic 
solution of the system of differential equations having discon- 
tinuous right-hand sides. M. A. Aizerman and F, R. Gant- 
makher. R.A.E. Lib. Trans. 890. April 1960. 

An investigation is made of the stability of the periodic 
solution of a system when the right-hand sides have discon- 
tinuities at certain points on the integral curve. Linear 
approximation in this “ discontinuous ” case is explained and 
theorems established similar to Lyapunov’s theorems on 
stability based on linear approximation in the “continuous 
case.—-(22.1). 


Generalised tables for the calculation of trajectory curves for 
bodies moving in air. M.M., Currie. N.R.C. Report L.R.-277. 
April 1960. 

Tables are presented from which the Cartesian co-ordinates of 
a trajectory can be readily derived for any initial conditions if 
the terminal velocity of the body is known.—(22.2 x 25.2). 


METEOROLOGY 


See AIRCRAFT OPERATION 
MISSILES 


See EXERA-ATMOSPHERIC TECHNOLOGY 
MATHEMATICS 
POWER PLANTS 


See also FUELS AND LUBRICANTS 


Two-dimensional diffusion theory analysis of reactivity effects 
of a fuel-plate-removal experiment. E. R. Gotsky et al. 
N.A.S.A. T.R. R-36. 1959. 

Effects of fuel plates successively withdrawn from the centre 
fuel element of a seven-by-three core loading were evaluated 
by two-dimensional two-group diffusion calculations performed 
on the N.A.S.A. reactor simulator. Two calculation methods 
were used: The slowing-down properties of the experimental 
fuel element were represented by infinite media parameters; 
and the finite size of the experimental fuel element was recog- 
nised, and the slowing-down properties of the surrounding 
core were attributed to this small region.—(27.6). 


Propellant vaporization as a criterion for rocket-engine design: 
experimental effect of combustor length, throat diameter, in- 
jection velocity, and pressure on rocket combustor efficiency. 
B. J. Clark. N.A.S.A. T.N. D-258. April 1960. 

The combustion efficiency of a heptane-oxygen rocket com- 
bustor was measured for various combustor lengths, contraction 
ratios, combustor pressures and injection velocities of the 
heptane. From the experimental data and analytical vaporisa- 
tion-rate calculations, apparent drop sizes were calculated.— 
—(27.3.1 X 34.1.1). 

One-dimensional analysis of ion rockets. H. R. Kaufman. 
N.A.S.A.T.N. D-261. March 1960. 

A one-dimensional analysis was made of space-charge effects 
in ion and electron accelerators and the problems associated 
with mixing beams from such accelerators. The accelerate- 
decelerate principle was useful for maintaining high beam 
current densities of both electrons and ions. High electron 
velocities will tend to be a problem, even with an accelerate- 
decelerate design. The effect of such excess electron velocity 
(atove ion velocity) on the mixing or neutralisation process is 
determined.—(27.3). 


== 


Compilation of thermodynamic properties, transport Propertig 
and theoretical rocket performance of gaseous hydrogen. @ R 
King. N.A.S.A.T.N. D-275. April 1960. ans 
Data were computed assuming equilibrium composition during 
an isentropic expansion using normal hydrogen as the 


lent for chamber pressures from 0°146960 to 1469-60 Ib./int 
abs, pressure ratios from 1 to 3,000, and chamber temperatiny i 


from 600° to 5,000°K. Additional data show some of j 
properties of gaseous normal hydrogen, orthohydrogen, gy 
parahydrogen at temperatures below 600°K for several pig 
sures.—(27.6 X 14.3 x 34.1.1). 


Application of various techniques for determining local hg 
transfer coefficients in a rocket engine from transient exper: 
mental data. C. H. Liebert et al. N.A.S.A. T.N. DOM 
April 1960. 
Time-temperature data were obtained from copper plugs jp 
stalled in a solid-wall ammonia-oxygen rocket. Local vals 
of heat-transfer coefficient were calculated from six: selegig) 
analytical methods varying in complexity from approxima, 
methods to rather complex solutions of the partial differential 
equations of unsteady heat conduction. The resulting hey 
transfer coefficients, as well as an evaluation of each of the gy 
methods, are presented herein.—(27.3 x 34.3.4). 


Exploratory methods for the determination of gas flow and 
temperature patterns in gas turbine combustors. J. Rosenthal, 
A.R.L. Note M.E. 235. July 1959. 

Equipment and methods developed for the measurement and 
interpretation of gas flow and temperature patterns in gas tur 
bine combustors are described. It is considered that a wid 
range of flow systems can be examined in this way, and improve 
ments to the instruments are suggested.—(27.1.2 X 34.1.1), 


Turbojet thrust augmentation: flight test results for a reheat 
system employing fuel injection upstream of a two-stage turbine, 
E. P. Cockshutt et al. N.R.C. Report L.R.-272. Jan. 1960, 
Flight experiments on a reheat system, in which part of the reheat 
fuel was injected upstream of a two-stage turbine, are described. 
The system was fitted to an Orenda 14 engine installed ina 
Sabre 6 aircraft.—(27.1.1 X 27.5). 


Untersuchungen iiber die Umlenkung eines freien Luftstrahls 
mit Hilfe von Drall. K.Iserland. Inst, fur Aero. Zurich. Mitt. 
25. 1958. (In German).—(27.1 X 5). 


PROPELLERS 


Strain measurements on an aircraft propeller during ground 
running. C. L. Forrester and §. W. Gee. A.R.L. Note SM.261. 
Oct. 1959. 

The electric resistance strain gauge instrumentation, used to 
measure vibratory strain on an aircraft propeller during ground 
tests of a new engine propeller combination, is described— 
(29.8 x 33.3). 


A comparison between the spanwise and chordwise shedding 
methods of helicopter rotor blade de-icing. J. R. Stallabrass 
and G. A. Gibbard. N.R.C. Report L.R.-270. Jan. 1960. 
Flight tests in an artificial icing cloud were made on two sets 
of helicopter rotor blades equipped with de-icing heater mats 
embodying the spanwise and chordwise shedding principles. The 
tests demonstrated a decided performance advantage for the 
spanwise shedding system, although the chordwise shedding 
system had the advantage of greater constructional simplicity. 
(29.3 x 3.9 x 5.3). 


A technique for producing glass-reinforced foam-filled plastic 
model propeller blades. A. J. Bowker and L. A. J. Pelland. 
N.R.C. Report L.R.-273. Jan. 1960. 

A procedure for making foam-filled glass-reinforced model 
plastic propeller blades is described in some detail, and the 
resulting blade is compared with similar blades of wood and 
aluminium.—(29.8 X 21.3.3). 


SCIENCE-GENERAL 
See AIRCRAFT OPERATION 
ExtTRA-ATMOSPHERIC TECHNOLOGY 
STRUCTURES 


Loaps see ExTRA-ATMOSPHERIC TECHNOLOGY 
MATHEMATICS 


TESTING see PROPELLERS 
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